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New  York,  January  16th,  1895. 

The  93d  meeting  of  the  Institute  was  held  this  date  at  12 
West  31st  street,  and  was  called  to  order  by  President  Houston 
at  8  P.  M. 

The  Secretary  read  the  minutes  of  the  last  meeting  which  on 
motion  were  approved,  also  a  list  of  associate  members  elected 
and  transferrea  at  the  last  Council  meeting,  as  follows : 
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143  Centre  Street.  New  York  City; 

residence,  Belleville,  New  Jer- 
sey. 
Chief  Engineer, 
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Electrician  and  Director  of  Elec. 
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Standard    Underground  Cable      Fred^k  BedelL 

Co.,  Pittsburg,  Pa. 
.M.  E.,  Student  in  Electrical  En-     F.  B.  Crocker. 

gineering,    Columbia    College ;         G.  F.  Sever. 

residence,  60  E.  61st  St.,  N.  Y.  C.T.  Rittenhouse 

City. 
Electrical  Engineer,   258  Broad- 
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Graduate  Student, 
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Vice-President  and  Manager,  Man- 
hattan Electric  Light  Co.,LTd, 
N.  y .  City ;  residence,  343  Han- 
cock St.,  Brooklyn,  N.  Y. 
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Approved  by  Board  of  Examiners,  October  5,  1894. 
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Approved  by  Board  of  Examiners,  December  17,  1894. 


Electrician,  Marks-Ayer  Electric  Co.,  78  Watts  St., 
New  York  City. 

Manufacturer  of  Electrical  Instruments,  etc.,  108 

Liberty  St.,  New  York  City. 
Engineer,  Safetv  Insulated  Wire  and  Cable  Co. 
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Marks,  Louis  B. 

Baillard,  Edward  V. 

Broadnax,  Francis 

Total,  5. 

Dr.  A.  Macfarlane  then   read   the   following  paper   "  On  the 
Units  of  Light  and  Radiation." 
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A  ^p*r  prettmted  at  the  Ninty^kird  Meet- 
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Engineers,  New  V0rk  President  H0ust0n  in 
the  Chair,  and  Chicago^  Mr.  S.  Arthur  Rhedes 
in  the  Chair,  January  tbth,  iSljtS- 


ON  THE  UNITS  OF  LIGHT  AND  RADIATION. 


BY    A.    MACFARLANE,    D.8C.,    LL.D. 


One  of  the  recommendations  made  by  the  sub-committee  of 
the  Institute  in  the  programme  for  the  International  Electrical 
Congress  at  Chicago,  was  that  the  practical  unit  of  illumination 
should  be  defined  as  the  illumination  produced  by  the  bougie- 
decimale  at  the  distance  of  one  metre,  and  that  this  unit  should 
be  denominated  the  ''bougie-metre."  To  this  definition  little  objec- 
tion was  made,  excepting  that  Professor  Nichols  pointed  out  that 
it  involved  an  arbitrary  standard  of  light  which  had  no  relation 
to  the  c.  o.  8.  system  of  units.  More  general  objection  was  taken 
to  the  notation  for  the  unit. 

The  London  Electrician  for  February  3, 1898,  objected  to  the 
*'  bougie-metre,"  that  all  other  such  compound  names  imply  a 
product  of  the  components,  while  in  this  case  the  former  com- 
ponent is  divided  by  the  latter,  or,  more  correctly,  multiplied  by 
the  square  of  its  reciprocal ;  and  suggested,  half  seriously,  that 
instead  of  "candle-foot"  we  ought  on  the  "mho"  principle  to 
speak  of  "  candle-toof-toof ." 

M.  Hospitalier  made  the  same  objection,  that  "  bougie-metre  " 
according  to  existing  usage  means  a  product,  and  suggested 
"  bougie-at-a-metre,"  or,  if  that  were  inadmissible  the  use  of  a 
new  term  such  as  "  lux."  M.  Blondel  favored  the  single  term 
"  lux,"  and  Mr.  Lockwood,  the  single  term  "  davy.'' 

Consider  the  philosophy  of  the  substitute  ■  suggested  by  the 
Electrician.  If  we  attempt  to  formulate  the  "  mho  "  principle, 
we  find  that  it  may  be  expressed  as  follows : — The  reciprocal  of  a 
given  unit  may  be  denoted  by  writing  the  name  for  the  direct 
unit  backwards.     It  supposes  that  the  given  unit  can  be  expressed 
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as  the  ratio  of  two  other  units ;  thus,  ohm  is  the  single  name  for 
the  ratio,  volt  per  ampere.  The  reciprocal  idea  is  ampere  per 
▼olt,  and  there  is  a  convenience  in  not  introducing  a  new  and 
independent  word,  but  in  denoting  it  instead  by  the  direct  term 
written  backwards. 

It  appears  to  the  writer  that  here  we  have  a  principle  which 
might  well  be  adopted  in  mathematical  analysis,  for  we  have  all 
felt  the  want  of  a  suitable  notation  for  a  function,  which  is  the 
reciprocal  of  a  given  function ;  for  example,   the  reciprocal   of 
tan  or  sin.     English  and  American  writers  use  tan"^  and  strf^y 
a  notation  which  is  half  word,  half  symbol ;  which  cannot  be  pro- 
nounced ;  and  which  suggests  the  reciprocal  quantity  instead  of  the 
reciprocal  function.     Continental  writers  use  *'  arc  tan  "  and  "  arc 
sin,"  which  are  too  long  and  periphrastic.     On  the  "  mho"  prin- 
ciple, the  reciprocal  of  "  tan  "  is  "  nat "  and  that  of  "  sin  "  is 
"  nis."     Let  x  =  tan  y,  then  y  =  nat  x;  let  a  =  sin  ft,  then  b  = 
nis  a.     According  to  Lord  Kelvin,  who,  I  believe,  introduced  the 
''  mho  "  notation,  the  expression  for  a  function  should  consist  of 
three  letters  ;  and  it  may  be  added,  the  middle  letter  ought  to  be 
a  vowel,  the  other  two  consonants.    Such  a  syllable  notation  when 
inverted  remains  a  syllable.     This  notation  would  have  the  ad- 
vantages of  being  short,  unambiguous,  articulate  and  logically 
connected. 

But  in  the  case  of  a  fundamental  unit,  such  as  the  foot,  is  there 
any  reciprocal  idea  ?  It  is  true  that  there  are  physical  quantities 
which  have  the  dimension  /""* ;  but  on  examination  they  will  be 
found  to  express  a  physical  ratio  of  some  kind.  For  example 
the  unit  of  curvature  has  the  dimension  1"^  it  is  expressed  by  radian 
per  foot.  The  reciprocal  unit  is  foot  per  radian,  having  the  di- 
mension i ;  it  is  not  a  measure  of  length,  but  of  flatness. 

The  difficulty  experienced  in  expressing  the  intensity  of  a  can- 
dle or  other  spherical  source  arises  from  the  want  of  a  name  for 
the  unit  of  solid  angle.  Just  as  the  natural  unit  for  plane  angle 
is  metre  of  arc  per  metre  of  radius,  so  the  natural  unit  for  solid 
angle  is  square  metre  of  spherical  surface  per  metre  of  radius 
squared.  The  name  "  radian  "  given  to  the  former  unit  (Everett's 
"  Units  and  Physical  Constants,"  1879),  has  been  very  useful  in 
expressing  exact  ideas  ;  a  recognized  name  for  the  latter  unit  would 
also  be  highly  useful.  For  this  purpose  the  word  '*  steradian  " 
was  introduced  by  Dr.  Halsted  in  his  Metrical  Geometry  in  1880, 
and  I  have  used  it  in  my  work  on  Physical  Arithmetic.    Though 
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not  faultless  from  the  point  of  view  of  the  etymologist,  it  is  suf- 
ficiently expressive  to  the  physicist. 

How  then  is  the  unit  of  illumination  properly  expressed  ?  Sup- 
|x>8e  that  by  "  bougie  "  is  meant  the  current  of  light  which  streams 
from  a  uniform  standard  candle  through  one  '*  steradian,"  then 
the  illumination  anywhere  may  be  expressed  in  terms  of  bougie 
per  square  metre,  where  the  former  component  refers  to  the  cur- 
rent, and  the  latter  to  the  cross-section.  But  in  the  case  of  light 
streaming  from  a  uniform  point  source,  the  illumination  may  be  ex- 
pressed in  terms  of  (bougie  per  steradian)  -  (steradian  per  square 
metre),  where  the  former  component  refers  to  the  intensity  of  the 
source,  and  the  latter  to  the  solid  angle  subtended  at  the  source 
by  one  square  metre  of  cross-section.  If  "lux"  is  the  single 
term  for  this  unit,  we  have 

lux  =  bougie  per  square  metre 

=(bougie  per  steradian)  -  (steradian  per  square  metre). 
Hence,  candle  per  square  foot  or  (candle  per  steradian)  -  (steradian 
per  square  foot)  is  the  proper  expression  for  the  candle-toof-toof 
of  the  Electrician , 

According  to  the  above  definition  of  "  bougie,''  the  total  cur- 
rent from  the  candle  would  be  4  ;r  "  bougies."  But  if  "  bougie  " 
is  defined  to  mean  the  total  current  from  the  candle,  and  by 
*Mux  "  is  meant  the  same  quantity  as  before,  we  should  have 

lux  =  7  -  bougie  per  square  metre. 

We  cannot  logically  avoid  the  4  t:  ;  exclude  it  from  the 
source  it  appears  in  the  intensity,  and  vice- versa.  This  point  is 
overlooked  in  the  established  system  of  magnetic  units,  and 
forms  the  l)a8is  of  Heaviside's  rational  system. 

The  use  of  the  hyphen  to  denote  a  product  unit  is  not  very  ap- 
propriate, for  it  suggests  the  sign  minus  rather  than  the  sign  of 
a  product.  It  would  be  better  if  it  were  omitted  altogether, 
and  the  two  component  units  amalgamated  as  in  footpound  and 
kilogrammetre ;  for  then  the  nomenclature  would  correspond  to 
the  algebraic  convention  which  leaves  the  sign  X  to  be  under- 
stood, and  in  addition  the  hyphen  would  be  set  free  to  denote 
any  compound  unit  other  than  the  product  or  quotient. 

If  we  consider  the  general  subject  of  radiation  we  shall  be 
led  to  distinguish  the  following  ideas  with  their  corresponding 
uniti*: 
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TABLE  I. 


Idea. 

c.  0.  8.  Unit. 

1 .  Quantity  of  i*adiant  energy 

Erg. 

Erg  per  sec. 

Erg  per  sec. 

Erg  per  sec.  per  steradiau. 

Erg  per  sec.  per  (cm. -radian). 

Erg  per  sec.  per  cm». 

Erg  per  sec.  per  cm*. 

Erg  per  sec.  per  cm*. 

Erg  per  cm*. 

2.  Current 

3.  Strength  of  source 

4.  Intensity  of  spherical  source 

5.  Intensity  of  cylindrical  source  

6.  Intensity  of  plane  source • 

7.  Density  of  source 

8.  Intensity  of  current , 

9.  Time  flow  

Qicantity  of  radiant  energy  of  whatever  kind  can  be  expressed 
in  ergs,  and  9kjlow  in  ergs  per  second.  By  strength  of  source  is 
meant  the  whole  quantity  of  radiant  energy  which  leaves  the 
source  in  a  given  time  divided  by  the  time  ;  the  appropriate  unit 
is  erg  per  second.  The  intensity  of  a  source  is  differently  ex- 
pressed, according  as  the  radiation  is  spherical,  cylindrical,  or 
plane.  In  the  first  case  it  is  the  ratio  of  a  current  through  a  solid 
angle  to  the  solid  angle,  and  hence  it  is  appropriately  measured 
by  the  erg  per  second  per  steradian.  In  the  second  case  it  is 
the  ratio  of  a  current  through  a  wedge-angle  to  the  wedge-angle» 
There  is  no  recognized  unit  of  wedge-angle ;  as  it  involves  the 
radian  in  one  plane,  and  a  length  along  the  perpendicular  to  that 
plane ;  it  may  be  expressed  by  cm.-radian.  Hence  the  intensity 
will  be  expressed  in  erg  per  second  per  (cm.-radian).  If  the 
radiation  proceed  from  an  infinite  plan^,  its  intensity  is  measured 
in  terms  of  erg  per  second  per  cm^ 

By  the  density  of  the  radiation  at  any  point  of  a  source,  is 

TABLE  II. 


Idea. 


Fi-ench. 


1.  Quantite  de  lumi^re. 

2.  Flux  luraineux 

4.  Intensite  lumineuse. 

7.  Radiation  intrins^que 

8.  feclairement 

9.  Illumination 

6clat  intrinseque.. 


English. 


Quantity  of  light 

Luminous  flux 

Luminous  intensity 
Intrinsic  radiation  .... 

Illumination 

Quantity  of  illumination 
Intrinsic  brightness 


Unit. 


Had. ;  lumen-hour. 

Lumen 

Pyr 

Lumen  per  cm*. . 

Lux 

Phot    

Pyr  per  cm* 


Symbol.! 


Q 

F 

R 

E 
L 
E 
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meant  the  ratio  of  the  flow  normal  to  a  small  surface,  to  the  small 
surface,  and  is  expressed  in  terms  of  erg  per  second  per  cpo'.  By 
intensity  of  current  anywhere,  is  meant  the  ratio  of  the  flow 
through  a  small  cross-section,  to  the  cross-section,  audit  is  also  ex- 
pressed in  terms  of  erg  per  second  per  cm*.  By  time  Jlow  is 
meant  the  ratio  of  the  energy  which  has  passed  through  a  cross- 
section,  to  the  cross-section  ;  it  is  expressed  in  terms  of  erg 
per  cm*. 

The  above  is  the  appropriate  system  of  c.  o.  s.  units  for  any 
kind  of  radiation  measured  simply  as  energy.  But  in  the  case 
of  light,  the  eye  exercises  a  selective  power,  not  only  singling  out 
a  certain  range  of  wave-lengths,  but  discriminating  among  them 
as  to  amount.  If  one  of  the  units  is  defined  with  reference  to 
this  discrimination  exercised  by  the  eye,  then  the  other  units  of 
the  light  system  can  be  defined  in  terms  of  it,  and  the  units  of 
length  and  time. 

Recently  M.  Blondel  has  published  (La  Lumiere  £llectrique^ 
July  7,  1894),  an  ingeniousand  logical  system  of  units  of  light 
with  corresponding  practical  units.  When  the  ideas  are  arranged 
in  the  same  order  as  in  Table  I,  we  obtain  the  system  exhibited 
in  Table  II. 

By  "pyr"  is  meant  aluminous  intensity  equal  to  one-twentieth 
part   of   the   luminous   intensity   of    the   Violle  .standard.     By 
"  lumen  "  is  meant  the  current  of  light  through  a  steradian,  the 
spherical  source  having  a  uniform  intensity  of  one  pyr  ;  that  is, 
lumen  =  pyr-steradian. 

By  *'  lux"  is  meant  the  illumination  produced  by  a  current  of 
one  lumen  falling  perpendicularly  on  a  surface  of  one  square- 
metre  ;  hence, 

lux  =  lumen  per  square  metre. 

The  idea  of  No.  9  is  expressed  in  French  by  illumination,  but 
this  word  in  English  means  ^clairement ;  hence  it  has  been  pro- 
posed by  M.  Hospitaller  to  introduce  *'  lumination  "  into  lK)th 
the  French  and  the  English  languages  to  express  the  idea  in 
question. 

The  "phot"  is  defined  as  equivalent  to  "lux-second."  ^ij 
"  rad"  is  meant  the  unit  of  quantity  of  light.     It  is  defined  by 

rad  =  lumen-second 
just  as  the  coulomb  is  defined  by 

coulomb  =  ampere-second. 
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The  "  phot "  and  the  "  rad  "  are  said  to  be  of  special  use  in 
photography.  But  it  may  be  asked  whether  the  actinic  system 
of  units  is  not  independent  of  the  optical  system.  Is  not  the 
"  pyr  "  then  defined  by  the  actinic  effect  instead  of  the  optical 
effect?  If  so,  we  have  two  complete  systems  of  units,  both 
different  from,  but  parallel  to  the  radiant  energy  system. 

M.  Blondel  does  not  introduce  Nos.  3  and  5.  Let  "  bougie  '* 
denote  a  spherical  source  having  a  uniform  intensity  of  one  pyr ; 
then  we  would  have 

bougie  =  4  ;r  lumens. 

The  symbols  given  in  the  last  column  of  Table  II  have  been 
proposed  by  M.  Hospitaller,  and  he  asks  for  criticisms.  In  the 
system  of  symbols  and  abbreviations  recommended  by  the  Con- 
gress, all  quantities  are  denoted  by  oblique  letters  or  script  letters, 
and  units  and  abbreviations  for  units  by  perpendicular  letters. 
The  proposed  symbols,  from. their  perpendicular  character,  will 
not  harmonize  well  with  the  other  symbols  of  quantity.  Also 
they  are  already  in  use  to  denote  vector  quantities. 


Discussion  in  New  York. 

The  Preisident  : — I  will  ask  Mr.  Kennelly  if  he  will  kindly 
open  the  discussion  on  this  paper. 

Mb.  a.  E.  Kennelly  : — Mr.  President  and  Gentlemen.  I 
think  we  are  much  indebted  to  Dr.  Macfarlane  for  bringing  be- 
fore us  this  evening  a  paper  upon  a  subject  of  especial  and  rising 
importance.  The  deficiency  in  the  nomenclature  and  in  the 
measurement  of  illumination  and  light,  is  most  noteworthy  at 
the  present  time,  when  in  electrical  science  we  are  developing  a 
very  praiseworthy  accuracy  in  symbols,  notations  and  definitions, 
and  this  contrast  is  so  great,  that  it  is  surely  time  we  were 
ashamed  of  the  disparity,  and  were  making  serious  efforts  to  im- 
prove the  condition  of  affairs.  The  subject  has  been  treated 
recently  in  the  paper  referred  to  by  Dr.  Macfarlane,  namely 
that  of  M.  Blondel  in  Za  Lumiere  Electrtque  of  July  7th 
of  last  year,  and  all  those  who  are  interested  in  the  subject  can 
hardly  ifail  to  be  especially  interested  in  that  paper.  M.  I31ondel 
draws  special  attention  to  the  great  difficulties  under  which  we 
lie  in  relation  to  discussion  and  expression,  owing  to  the  absence 
of  any  word  or  term  to  express  the  total  quantity  of  light.  It 
is  true  that  in  this  Institute  efforts  have  been  made,  notably 
upon  the  occasion  mentioned  in  the  first  paragraph  of  the  paper 
before  us,  when  the  attention  of  the  Chicago  Congress  was 
initially  directed  to  the  deplorable  deficiency  in  nomenclature  in 
this  direction.  But  it  has  been  urged  that  the  time  was  not  ripe 
for  maturing  any  system  of  nomenclature  or  of  symbols,  for  tne 
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reason  that  we  had  no  o.  g.  s.  system  of  light.  It  is  true  that  we 
hav^e  no  o.  o.  s.  system  of  light,  and  that  our  knowledge  is  so  far 
behindhand,  that  we  can  hardly  expect,  even  in  the  near  future, 
to  have  a  unit  of  light  based  upon  the  centimetre,  gramme  and 
second  system.  But  the  position  I  wish  to  take  is,  that  we  are  as 
fully  prepared  now  to  detine  and  name  a  unit  of  light  as  those 
who  represent  us  may  be  in  the  far  future,  when  the  knowledge 
of  this  subject  will  be,  we  trust,  much  improved.  Lisfht  never 
can  be  expressed  in  c.  o.  s.  units  for  the  reason  that  it  is  merely 
a  physiological  quantity.  Of  course,  radiant  energy  is  expres- 
sible in  ergs,  i,  e.,  in  c.  o.  s.  units.  But  so  soon  as  we  come  to 
questions  of  practical  importance,  when  we  leave  the  domains  of 
radiant  energy,  light  necessarily  becomes  a  physiological  ques- 
tion, and  if  we  desire  to  be  very  precise,  we  absolutely  do  not 
know  that  any  standard  sources  of  light,  as  we  measure  it  or  know  it 
to-day,  would  have  the  same  magnitude  as  the  same  source 
selected  in  the  times  of  the  Greeks  or  Assyrians.  In  other  words, 
we  have  no  evidence  sufficient  to  assure  us  that  the  human  eye  is 
exactly  the  same  instrument  that  it  has  been  in  previous  centuries, 
or  that  it  will  be  in  centuries  to  come ;  and  consequently  it  is 
impossible  to  define  light  practically,  industrially,  commercially, 
by  any  c.  g.  s.  system  of  units.  It  is  true  that  we  may  call  so 
many  ergs  expended  in  such  and  such  a  wave  length  of  such  and 
such  a  frequency,  as  representing  the  unit  ouantity  of  light.  But 
until  we  are  supplied  with  sources  of  light  which  are  entirely 
monochromatic,  so  surely  must  we  mingle  different  wave  lengths 
and  frequencies ;  and  then  the  difficulty  comes  as  to  how  we  shall 
compare  different  colors,  and  the  only  way  in  which  that  difficulty 
<;an  be  met  is  by  the  use  of  the  eye,  and  the  physiological 
factor  enters  into  it.  I  trust,  therefore,  that  tlie  members 
will  agree  with  me,  that  the  time  is  now  ripe  for  the  adop- 
tion of  some  term  covering  and  convoying  the  idea  of  "  quan- 
tity of  liffht."  M.  Blonde!  suggests  the  term  *' lumen."  Call 
the  unit  what  you  please,  it  is  of  great  importance.  We  are  con- 
stantly making  mistakes  in  our  own  thoughts,  even  those  who 
are  giving  the  subject  close  attention,  and  who  are  supposed  to  be 
conversant  with  its  practical  and  technical  details,  while  those  who 
cannot  and  do  not  give  the  subject  the  attention  it  merits,  are 
continually  falling  into  pitfalls,  on  account  of  the  absence  of  a 
phrase  expi^essing  quantity  of  light,  and  the  absence  of  the  series 
of  ideas  it  would  convey.  Suppose  we  adopted  such  a  term  as 
''  lumen,"  I  think  that  the  question  as  to  how  far  the  use  of  that 
term  might  become  invalidated  by  subsequent  improvements  in 
photometry,  would  be  eliminated  in  the  way  that  questions  con- 
cerning the  magnitude  of  the  ohm  were  eliminated.  Electricians 
did  not  refrain  from  producing  the  ohm  in  18(51  l>ecau8e  their 
methods  were  not  sufficiently  accurate.  They  produced  the  ohm 
to  the  best  of  their  knowledge,  capabilities  and  beliefs,  and  the 
ohm  was  correct  within  about  one  per  cent.,  and  subsequent  at- 
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tempts  have  improved  upon  the  valnation  then  arrived  at.  So  in 
the  same  way,  if  our  methods  of  measurement  of  to-day  are  nota- 
bly inferior  to  what  they  should  be  for  a  precise  definition  of  a  stan- 
dard of  light,  some  such  term  as  "  lumen  "  can  be  adopted  as  repre- 
senting a  speeitic  quantity,  and  in  future  such  measurements  as 
may  be  made  more  correctly,  and  by  processes  more  accurate  than 
at  present,  can  correct  that  quantity  and  render  it  with  all  the 
precision  of  the  science  that  is  to  come.  It  is  a  matter  of  great 
difficulty  for  any  men,  or  even  for  any  institution,  to  move  inde- 
pendently in  a  direction  of  this  kind  at  the  close  of  the  nineteenth 
century,  and  I  think  we  could  not  do  better  than  call  upon  our 
colleagues,  call  upon  allied  societies  in  other  parts  of  the  world, 
requesting  the  expression  of  their  opinion  upon  the  subject  as  to 
whether  the  "  lumen  "  is  a  good  name,  whether  the  "  lumen  " 
itself  is  a  good  unit,  and  whether  any  concerted  expression  of 
opinion  can  be  arrived  at  on  this  point.  The  position  I  desire 
to  take  is  that  we  are  readv  now,  if  we  can  only  get  concerted 
action,  to  adopt  a  unit  which  may  be  practically,  industrially  and 
commercially  employed.  I  think  it  is  eminently  desirable  that 
we  should  exclude  the  names  of  persons  from  such  a  system  of 
units,  and  I  think  that  M.  Blonde4's  position  in  that  respect,  so 
far  as  he  has  shown  it  in  Table  II.,  is  a  correct  one.  Jt  is  to 
be  noted  that  the  unit  of  illumination  that  M.  Blondel  has  taken, 
and  which  Dr.  Macfarlane  here  represents,  is  that  unit  of  illumi- 
nation proposed  by  this  Institute  for  the  consideration  of  the 
Chicago  Congress,  namely  the  "bougie- metre,"  the  bougie  being  the 
bougie-decimale  or  the  one-twentieth  part  of  the  Violle  standard. 
That  produces  an  illumination   which  is  the  ''lux"  here    sug- 

f;ested,  namely  the  "lumen  per  steradian".  That  unit  has  there- 
ore  been  long  proposed,  and  it  has  already  a  name  suggested  for 
it.  Mr.  Preece  about  ten  years  ago  suggested  the  name  "  lux," 
for  the  carcel-metre.  The  carcel-raetre  happened  to  be  about 
the  value  of  a  candle- foot.  In  other  words,  the  British  candle 
gave  at  about  the  distance  of  a  foot,  the  same  illumination 
that  the  carcel'  lamp  gave  at  the  distance  of  one  metre.  Since 
that  time,  the  carcel  lamp  has  ceased  to  be  a  generally  recognized 
standard  outside  of  France,  its  place  having  been  taken  by  the 
Violle,  standardized  by  the  Paris  Convention  of  1889,  and  the 
bougie-decimale,  nominally  one-twentieth  part  of  the  Violle  is^ 
the  recognized  standard  of  luminous  intensity  to-day,  although 
many  secondary  standards  are  in  daily  use  ;  such,  for  instance,  as 
the  Hefner-Alteneck,  the  Dritish  candle  and  the  new  Heichsan- 
stalt  standard.  There  is  one  unfortunate  fact  concerning  all  the 
units  that  are  suggested  by  M.  Blondel,  and  that  is  that  they  are  not 
all  centimetre  units;  some  are  metre  units.  If  you  glance  through 
Table  II ,  it  is  evident  that  the  metre  enters  as  the  standard  of  ref- 
erence. That  is  an  unfortunate  fact  which,  perhaps,  cannot  be  aver- 
ted at  the  present  time,  for  the  reason  that  tiie  "  phot"  having  been 
already  adopted  by  the  International  Congress  of  Photographers  at 
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Brnssels  in  1892 ;  it  is,  perhaps,  too  late  to  select  a  centiiiietre 
unit  for  that  purpose,  and  since  the  "  bougie-metre,"  which  cor- 
responds to  tne  '*  lux,"  has  also  been  adopted  practically,  the 
system  cannot  be  altered  to  suit  the  centimetre  standard  of 
length ;  the  metre  must  run  through  it.  The  symbols,  however, 
are  unfortunate.  The  block  symbols,  in  Table' II.,  proposed. by 
M.  Hospitalier,  as  stated  by  Dr.  Macfarlane,  are  already  in  very 
general  use  as  denoting  vector  quantities,  and  some  of  these  units 
are  not  vector  quantities.  It  is  therefore  desirable,  that  a  spe- 
cial notation  should  be  employed  which  does  not  conflict  with 
the  vector  notation,  and  it  would  be  possible  to  put  an  asterisk 
or  star,  or  some  siffn  of  notation  attached  to  the  ordinary  capital 
letter  to  indicate  that  the  unit  of  light  was  intended. 

I  hope,  therefore,  that  the  members  will  be  in  accordance  with 
me  that  some  action  should  be  taken  in  this  matter  to  endeavor 
to  obtain  a  system  of  units  for  light  and  illumination,  in  which  at 
least  the  unit  quantity  of  \\^\\t  should  be  clearly  understood. 

The  President: — Gentlemen,  you  have  heard  the  remarks  of 
Mr.  Kennelly.  Do  you  wish  to  take  up  his  suggestion  now  or 
will  you  discuss  the  paper  first  ?  I  understand  Mr.  Kennelly  to 
suggest  that  the  Institute  call  on  societies  in  different  parts  of 
the  world  to  ascertain  whether  or  not  they  have  any  suggestion 
to  make  concerning  the  use  of  the  word  "'  lumen "  as  a  unit  of 
flux  or  quantity  of  light.  Should  you  see  fit  to  do  this  it  would 
seem  to  me  that  our  regular  Committee  on  Units  and  Standards 
would  be  a  good  committee  to  refer  that  to.  However,  it  is  for 
you  to  determine. 

Mb.  Townsend  Wolcott  : — I  wish  to  make  a  few  remarks  only, 
about  a  portion  of  this  paper  which  refers  to  what  you  might 
call  "mho"  units.  There  is  worked  out  here  a  system  which 
is  entirely  consistent  with  itself.  But  it  seems  to  involve  the 
same  difficulty  as  the  other  notation.  If  we  write  tan~\  the 
difficulty  seems  to  be  that  people  mistake  this  inverse  function 
for  the  reciprocal  of  the  tangent.  The  only  word  of  the  kind 
proposed  we  have  adopted  so  far  is  "  mho,"  which  is  ohm  spelled 
backward,  which  is  reciprocal  rather  than  the  inverse  function. 
It  seems  to  me  there  would  be  danger  that  people  would  con- 
found it  in  the  eame  way.  As  to  the  expression,  tan"*,  it  seems 
to  be  perfectly  logical,  only  the  principle  is  not  carried  out.  The 
old  English  writers  on  matnematics,  De  Morgan— in  fact,  every- 
body so  far  as  I  know  that  has  written  on  calculus  operations, 
otherwise  called  the  functional  calculus,  used  that  notation  for 
all  functions.  If  we  write  <p  x\  ip  represents  an  operation,  and 
then  if  we  put  an  index  to  it,  for  instance  ^,  that  means  the  opera- 
tion is  repeated.  If  we  put  ~*,  it  would  mean  that  that  opera- 
tion is  performed  the  other  way — an  inverse  oj>eration  is 
perform^.  The  only  trouble  is  when  we  go  further.  Most  peo- 
ple when  they  write,  tan^  a?,  mean  the  tangent  of  v?^  as  Professor 
Macfarlane  says.     It  might  be  perhaps  well  to  have  Professor 
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Macfarlane's  notation  in  addition  to  that.  We  sometimeB  have 
two  notations  for  the  same  thing,  and  it  does  not  do  any  harm. 
For  instance,  besides  fractional  indexes  snch  as  x^^  we  also  write 
that  expression  the  other  way  :  V^.  If  we  put  \  there  :  \  Vx 
it  would  be  just  the  same  as  a^.  We  have  two  ways  of  writing 
the  some  thing. 

This  word  '*  toof ,"  instead  of  foot,  is  suggested  to  represent 
the  reciprocal  of  a  unit  rather  than  an  inverse  operation,  while 
Professor  Macfarlane's  reversed  words  represent  operations  per- 
formed—inverse operations  instead  of  the  reciprocals.  It  seems 
that  there  is  just  the  same  danger  of  people  getting  those  two 
things  mixed  up  as  there  is  in  the  present  notation. 

The  President: — Is  there  any  further  discussion  on  this 
paper?  Do  I  understand  that  there  is  a  motion  before  the 
Institute  respecting  the  suggestion  that  this  matter  be  refeiTed 
to  the  Committee  on  Units  and  standards? 

Mr.  Woloott: — I  move  that  the  subject  be  referred  to  the 
Committee  on  Units  and  Standards. 

The  President  : — It  is  moved  that  the  subject  be  referred  to 
the  Committee  on  Units  and  Standards,  with  the  view  of  com- 
municating with  institutions  in  different  parts  of  the  world  in 
order  to  ascertain  their  views  as  to  the  fitness  for  that  use  of 
the  word  "  lumen  '"  for  quantity  of  light. 

S*he  motion  was  carried.] 
R.  Douglass  Burnett  : — Prof.  Macfarlane  is  to  be  congratu- 
lated in  adding  to  the  results  so  carefully  and  searchingTy  ob- 
tained by  Mons.  A.  Blondel.  M.  Blondel  has  empliasized  for  us 
the  idea  of  flux  of  illumination.  A  perusal  of  the  articles  which 
have  from  time  to  time  appeared  on  the  subject  of  the  distribu- 
tion of  illumination,  shows  the  general  application  of  the  term 
"  quantity  of  light,"  to  the  expression  of  this  idea,  with  the  omis- 
sion of  the  term  '•  radiated  per  unit  time." 

In  considerations  like  the  present,  we  must  distinguish  be- 
tween units  for  practical,  and  for  theoretical  application.  Prac- 
tically we  are  concerned  simply  with  (a)  the  intensity  of  the 
source  of  light,  and  (J)  the  bnlliancy  of  illumination  oi  the  ex- 
posed surface.  Theoretically  we  must  have  in  mind  the  opera- 
tions in  progress  in  the  space  between  the  source  and  the  illum- 
inated surface. 

In  considering  the  radiation  of  heat  from  cooling  bodies,  which, 
being  at  high  temperatures,  are  sources  of  energy,  or  the  radia- 
tion from  hot  bodies  in  which  the  heat  is  continuously  supplied, 
we  arrive  without  diflSculty  at  the  idea  of  a  flux  of  energy 
from  such  bodies ;  and  we  ordinarily  speak  of  the  number  of 
calories  or  b.  t.  u.  radiated  per  unit  time  through  a  certain 
space  from  a  surface  of  unit  area.  In  the  case  of  the  conduction 
of  heat  within  a  solid  medium,  the  same  terms  may  be  used. 
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Then  by  the  use  of  the  mechanical  equivalent  of  heat,  these 
numbers  are  transmuted  to  energy  units— kfi^m.  or  joules. 

In  light  however,  it  is  not  ordinarily  so  evident  that  there  is  a 
radiation  of  energy  from  a  luminous  body,  or  a  reflection  of 
energy  from  reflecting  bodies,  and  in  consequence  we  use  in 
photometry  the  candle  as  the  unit  of  intensity  of  a  source,  or  the 
candle  foot,  or  foot  candle,  as  the  unit  of  light  received  on  a 
surface.  The  idea  that  in  the  space  surrounding  a  source  of 
light,  there  is  a  continuous  passaj^  in  straight  lines  in  all  direc- 
tions of  that  which  may  be  transformed  into  mechanical  work,  is 
not  usually  apparent  in  such  considerations. 

As  it  stands,  M.  Blondel's  paper  is  not  complete,  in  that  it 
fails  to  include  the  ideas  which  I)r.  Macfarlane  has  summarized  in 
Table  I.  The  idea  of  the  distribution  of  energy  in  the  space  sur- 
rounding a  luminous  source  lies  at  the  root  of  this  table. 

It  is  to  be  hoped  that  at  no  very  distant  date  illumination  will 
be  capable  of  being  expressed  in  absolute  units.     We  note  with 

1)leasure  Prof.  R.  A.  Fessenden's  suggestion  on  page  112  of  the 
ast  volume  of  our  Transactions,  with  reference  to  the  visual 
effects  produced  in  various  parts  of  the  spectrum,  when  the 
radiation  of  each  wave  length  is  regulated  in  amount  to  equal  one 
watt;  also  the  results  obtained  by  Prof.  H.  F.  Weber,  given  to 
the  Berlin  Academy  of  Sciences  in  1888,  which  included  a 
formula  expressing  the  relation  between  the  intensity  of  any 
selected  homogeneous  radiation,  the  corresponding  wave  length, 
the  temperature  and  the  Quality  of  the  radiating  substance. 

It  seems  quite  possible  that  with  certain  data  supplied,  we 
could  at  present  express  in  energy  units  any  amount  of  light 
which  may  pass  through  a  j^ven  space.  This  it  seems  might  be 
done  by  combining  ttie  efficiency  of  the  source  (the  ratio  of 
luminous  to  total  radiation)  with  the  total  energy  supplied.  Thus 
in  the  case  of  sunlight  at  the  earth's  surface,  Werner  Siemens 
has  given  its  luminous  efficiency  as  25  per  cent.  Langley  has 
measured  the  radiation  received  from  the  sun  at  zenith  to  be  133 
foot-pounds  per  square  foot  per  second;  also  Young  has  given 
the  zenith  illumination  as  60,000  metre  candles.  We  have  here 
by  reduction  44.76  watts  of  light  received  per  square  foot,  or 
482  watts  per  square  metre,  in  the  form  of  light.  That  is,  there 
is  a  flux  through  a  square  cm.  of  cross-section  of  the  ray  of  light 
equal  to  48,20o  ergs  per  second. 

Similarly  we  mignt  express  the  light  energy  radiated  from  a 
50-watt  16-candle  incandescent  lamp  with  5  per  cent,  luminous 
efficiency  (Merritt).  We  may  thus  find  that  in  order  to  secure 
the  same  intensity  of  illumination  as  is  produced  by  the  sun,  as 
above  supposed,  the  filament  should  be  placed  at  the  center  of  a 
sphere  of  2  cm.  radius.  In  that  case,  light  energy  would  be  re- 
ceived at  a  density  of  482  watts  per  square  metre  on  the  inner 
surface  of  the  sphere. 

The  light  produced  by  a  gas  flame  might  similarly  be  estimated 
in  absolute  units,  by  taking  into  account  the  calorific  power  of 
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the  fuel,  its  rate  of  burning,  the  mechanical  equivalent  of  heat, 
and  the  luminous  efficiency  of  the  flame,  which  is  approximately 
5  per  cent. 

Considering  further  an  arc  with  10  per  cent,  luminous  efficien- 
cy (Nakano)  we  may  determine  the  amount  of  energy  in  watts 
or  joules  per  second,  radiated  as  light  from  this  source. 

Having  once  obtained  the  radiation  from  a  source  in  absolute 
units  for  several  typical  cases,  photometry  as  ordinarily  carried 
out  will  give  the  value  of  the  energy  of  any  measurable  source. 
Thence  we  may  obtain  measures  for  each  o^  the  items  enumer- 
ated in  Professor  Macfarlane's  Table  I. 

II. 

The  English  unit  in  common  use  corresponding  to  the  pyr,  is 
the  candle.     We  have  the  definition — 

lumen  =  pyr-steradian. 

The  "  lumen  "  is  similar  to  the  candle-steradian.  We  have  in 
the  English  system,  however,  no  unit  similar  to  the  "  lumen." 
If  we  attempt  to  express  the  idea  embodied  in  this  name  we  will 
find  that  our  sole  means  of  expression  is  the  foot-candle  per  square 
foot ;  this,  however,  is  not  an  appropriate  name,  inasmuch  as  the 
light  of  one  foot-candle  shining  upon  two  square  feet,  is  equal 
simply  to  one  foot-candle  over  two  square  feet.  While  the 
amount  of  radiation  equals  theoretically  two  foot-candles  per 
square  foot,  yet  this  statement  would  not  be  applicable  to  the 
case  of  the  concentration  of  light  produced  by  a  projector,  for 
the  term  may  only  refer  to  the  intensity  over  each  square  foot. 
The  illumination  in  the  above  case  is  not  two,  but  one  foot- 
candle  per  square  foot.  The  statement  can  only  be  made  definite 
by  the  use  of  some  such  term  as  candle-steradian. 

III. 

The  word  *'  ray "  is  capable  of  exact  mathematical  defini- 
tion just  as  is  the  magnetic  term  "  line  of  force."  The  latter 
represents  unit  intensity  of  magnetization  ;  the  former  may  rep- 
resent unit  flux  of  light,  or  intensity  of  radiation  passing  through 
unit  cross-section.  A  light  of  certain  candle  power  may  be  stated 
as  emitting  a  certain  number  of  rays  per  square  cm.  at  unit  dis- 
tance, as  a  magnetic  field  may  be  said  to  be  traversed  by  a  defi- 
nite number  of  lines  per  square  cm.  The  parallel  beam  from  a 
projector  might  be  referred  to  as  being  of  aensity  so  and  so  many 
rays  per  square  inch  or  centimetre. 

IV. 

While  on  the  subject,  we  might  take  it  upon  ourselves  to  point 
out  that  the  space  candle-power  curve  as  ordinarily  found  in 
papers  stating  the  results  of  photometric  measurements,  does 
not  carry  the  idea  which  it  is  intended  should  be  given.     In  case 
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of  a  vertical  candle  power  curve  of  an  arc  lamp,  if  the  intensity 
under  various  angles  with  the  horizon,  be  reduced  by  means  of 
the  formula :  Intensity  of  illumination  (foot-candles)  =  intensity 
(candles)  at  source  -r-  (distance)^,  we  may  get  vertical  curves 
showing  the  actual  illumination  produced  at  the  various  points  in 
the  space  surrounding  the  arc  lamp.  Such  curves  drawn  through 
points  of  equal  illumination  may  be  called  "  isophotals." 

If  a  map  of  such  curves  be  made,  the  curve  referring  to  values 
of  1,  2    ...     .     etc.,  foot-candles,  and  a  line  representing  an 
iUaminated  surface  in  section,  be  drawn  to  cut  such  curves  at  a 
definite  distance  from  the  lamp,  the  amount  of   light   to  which 
these  curves  individutllv  refer  will  be  incident  upon  the  points 
at  which  they  cut  the  lines  so   drawn  ;  and   therefrom   may  be 
drawn,  if  so  desired,  another  curve,  representing   these   various 
values  of  illumination  as  we  proceed  from  point  to  point  of  said 
surface. 

In  conclusion,  I  mav  state  my  belief  that  the  expression  of 
such  ideas  as  are  found  in  both  Dr.  Macfarlane's  and  M.  Blondel's 
papers  cannot  fail  to  be  of  inestimable  value  in  the  clarification  of 
photometric  conceptions. 

[Communication  Received  After  Adjournment.] 

Mb.  Clayton  H.  Sharp  {comrnunicaUd)\—\r^  regard  to  what 
Dr.  Macfarlane  says  concerning  the  name  of  functions  which  are 
reciprocals  of  already  named  fiinctions  or  units,  it  seems  to  me 
that  we  must  not  lose  sight  of  the  fact  that  words  are  essentially 
mtnds^  which  among  civilized  people  are  represented  by  a  cer- 
taiD  combination  of  symbols.      In  forming  a  word  by  inverting 
the  order  of  the  letters  of  a  known  word,  we  reverse  the  histon- 
cal  and  logical  process  of  word  formation  and  violate  all  etymo- 
lo^cal  principles.     If  we  wish  to  express  the  fact  that  a  relation 
ensts  between  a  unit  and  its  reciprocal,  we  should  give  to  tne  re- 
ciprocal a  name,  i.  e.,  a  sound,  that  will  suggest  the  relationship. 
For  example,  ttie  symbol  ''  sin."    stands  for  a  particular   word. 
We  can,  according  to  phonetic  laws  give  to  the  symbol     nis.    a 
sonnd;  but  this  word  will  bear  no  relationship  to  the  wora  rep. 
resented  by"  sin."     The  word  which  we  might  imajgme  to  De  rep- 
resented by  a  " candletoof -toof  "  is  just  as  good  English  as  it  ih 
Choctaw,  and  no  better.      Moreover,   the  appearance  ^^  ^  J^rd. 
formed  by  inversion,  conveys    no  idea   to  ^t,^*"*!?.  ^^^^.To  ^^ 
cultivate  the  Chinese  art  of   reading  backward,     ihat  mia    ^^ 
called  '* principle"  has  its   limitations  ^^  evident,  it  we  suppo^ 
that  we  wish  to  form,  according   to  it,  a  name  for  the  reciprocuCV 

'Vhe  tewfof  CO.  8.  unite  of    ^^d^^^^^Mf^iJeth^^^     S^v^ 
is  very  interesting.     The  only  thing  lacking  is  a  meth^^       ^^^ 

Mini  a  c.  o.  s.  unit  of  lunTinous  i^^^^^^J'  ^^^T^e^^^ 

we  eelm  to  be  about  as  far   from    that  as  ever.     The  u^t^    ^^^.^ 
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posed  by  M.  Blondel  are  undoubtedly  logical,  and  their  names- 
are  well  chosen.  The  chief  objection  to  them  outside  of  that 
urged  by  Dr.  Macfarlane  is,  it  seems  to  me,  that  we  have  little  or 
no  use  for  them.  We  do  need  a  name  for  the  unit  of  luminous 
intensity,  and,  perhaps  a  simple,  rather  than  a  compound  name 
for  the  unit  of  illumination  would  be  desirable.  Further  than 
this  in  the  naming  of  units,  it  seems  to  me  that  we  need  not  go. 
The  other  units  are  used  so  little  that  it  would  not  be  burden- 
some to  employ  compound  names  for  them,  and  it  is  always  to 
be  remembered  that  a  multiplicity  of  abstract  names  invariably 
causes  confusion. 


Discussion  at  Chicago,  Ja.\uary  16th,  1895. 
[Mr.  S.  Arthur  Rhodes  in  the  Chair.] 

Prof.  W.  M.  Stine  : — I  would  call  attention  to  a  movement 
that  is  now  gaining  force  amongst  the  photographers  of  the 
country.  As  the  editor  of  one  of  the  leading  photographic  jour- 
nals recently  expressed  to  the  speaker,  '^  We  are  trying  to  get  rid 
of  our  worst  enemy,  daylight."  Since  daylight  is  such  an  un- 
certain factor  in  photographic  work,  the  arc  lamp  is  fast  coming 
into  use  to  replace  it.  Pnotographers  are  thus  endeavoring  to 
obtain  a  unit  light  or  condition  of  exposure  for  their  plates. 
They  have  a  problem  before  them  similar  to  that  encountered  in 
electric  illumination,  but  one  whose  applications  simplify  it  to 
some  extent.  I  mention  this  fact  because  the  paper  just  read  has 
some  bearing  on  their  investigations. 

As  an  attempt  to  point  out  the  conditions  and  relations  of  unit 
radiation  from  a  light  source,  the  paper  has  great  merit,  and, 
while  the  mathematical  relations  have  been  so  nilly  Worked  out 
by  the  author  and  others,  yet  the  attempt  to  assign  a  nomencla- 
ture to  certain  unit  conditions  seems  perhaps  premature.  A 
portion  of  the  title  seems  unfortunate.  The  paper  does  not  deal 
with  the  unit  of  light  as  in  any  sense  applicable  to  illumination, 
but  the  unit  conditions  of  radiant  energy,  as  applicable  to  a  hot- 
non-luminous,  as  well  as  to  a  hot-luminous  source.  To  I'ender  it 
applicable  to  purposes  of  photometry,  the  question  of  the  amount 
of  radiant  energy  from  the  accepted  unit  for  illumination  under 
the  unit  conditions  here  laid  down  must  be  determined.  It  seems 
that  this  after  all  is  the  vital  question,  and  the  subsequent  ones 
of  the  relations  of  space  radiation  could  readily  be  obtained  from 
well-known  properties  of  solid  angles.  All  through  the  discus- 
sion a  standard  of  illumination  seems  presupposed.  But  here 
rests  the  whole  matter.  We  seem  almost  furtuer  removed  from 
a  light  standard  than  ever  before.  It  is  the  physiological  action, 
or  peculiarities  of  the  eye  which  causes  the  dimculty.  The  eye 
is  concerned  with  the  quality  of  the  light  rather  than  the  inten- 
sity of  the  radiant  energy  from  a  source.  Even  should  we  arrive 
at  a  standard  for  illumination,  which  would  evaluate  the  effect  of 


Digiti 


ized  by  Google 


1895.]  DI80U88I0N  IN  OHICAOO,  17 

a  given  light  on  the  eye,  and  express  this  unit  in  terms  of  the 
energy  involved,  we  could  by  no  means  employ  the  conclusions 
here  expressed  in  such  a  general  sense  as  to  make  them  applicable 
to  all  lights. 

The  Quality  of  a  light  being  its  larger  factor,  lights  of  a  dif- 
ferent cnaracter  cannot  be  compared  along  the  lines  of  simple 
energy  relations ;  at  best  we  can  only  compare  a  single  light  a& 
affected  by  space  relations.  Even  should  the  "li^t  oi  the 
future  "  be  i-ealized,  we  must  still  hold  it  capable  of  variation 
and  quality.  The  conclusion  is,  that  the  attempt  to  establish 
unit  space  and  surface  relations  for  purposes  of  nomenclature 
is  not  well  founded.  Neither  can  we  hope  it  will  gain  general 
acceptance.  The  whole  matter  seems  to  belong  to  the  sphere  of 
radiant  energy,  and  it  is  a  question  of  pure  physics  ratner  than 
one  applicable  to  electrical  illumination.  As  such,  the  conditions 
have  already  been  worked  out,  and  can  i*eadily  be  applied  in  the 
restricted  sense  already  pointed  out,  when  occasion  aemands.  It 
seems  ill-advised  to  confuse  a  subject  dealing  only  with  the  pure 
physics  of  radiant  energy  by  the  application  of  such  terms  for 
units  as  apply  only  to  questions  of  illumination,  involving  but  in- 
directly those  of  radiant  energy. 

The  desire  to  establish  units  for  the  evident  purpose  of  nomen- 
clature has  here  reversed  the  usual  and  logical  order.  It  seems 
reasonable  to  await  the  establishment  of  a  given  unit  condition 
before  attempting  its  nomenclature.  We  must  first  of  all  attain 
a  unit  condition  of  light,  or,  rather  of  illumination,  if  the  unit  is 
to  have  any  influence.  Then  it  is  probable  that  the  naming  of 
the  unit  would  be  all-sufficient.  Its  space  and  surface  relations 
can  be  dealt  with  by  the  aid  of  the  usual  mathematical  relations^ 
without  encumbering  the  process  with  useless  nomenclature. 
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THE  BEST  METAL  FOE  FIELD  MAGNET  FRAMES. 


BY    ALTON    D.    ADAMS. 

Cast-iron,  cast-steel  and  wrought-iron  being  the  materials  at 
our  command  for  field  magnet  construction,  it  is  an  important 
<jnestion  to  the  engineer  and  manufacturer,  which  will  produce  a 
dynamo  of  given  capacity,  speed,  efficiency  and  working  quali- 
ties at  the  least  cost. 

I  am  not  aware  that  any  of  the  works  on  dynamo  construction 
attempt  a  definite  answer  to  this  question,  and  the  practice  of 
builders  is  by  no  means  uniform.  Economical  points  of  satura- 
tion requiring  about  the  same  magnetizing  force  per  unit  of 
length  in  each  metal,  are  for  cast-iron  a  little  under  40,000,  cast- 
steel,  70,000  to  80,000,  and  wrought-iron  about  90,000  lines  per 
square  inch. 

The  cost  of  cast-steel  is  fully  equal  to  that  of  forgings  in  sim- 
ple shapes,  and  as  it  lies  between  cast  and  wrought-iron  in  mag- 
netic qualities,  the  cost  of  machines  made  with  it  will  be  between 
those  of  cast  and  wrought-iron.  A  comparison  will,  therefore, 
be  made  between  the  cost  of  the  latter  two. 

To  be  fairly  compared,  machines  of  different  materials  must 
be  equal  as  to  magnetic  flux  in  field  and  armature  cores,  ampere- 
turns  on  armatures,  field  ampere-turns  required  in  air-gaps,  and 
as  nearly  as  possible  in  magnet  frames,  watts  used  in  windings, 
and  be  of  the  same  capacities  and  speeds. 

Taking  wrought-iron  at  a  saturation  of  90,000  and  cast  at 
40,000  lines  per  square  inch,  the  section  of  an  equivalent  cast, 
will  be  two  and  one-quarter  times  that  of  a  wrought  frame,  and 
as  the  length  of  the  cast-iron  frame  must  be  a  little  greater  to 
give  enough  winding  length,  its  weight  will  be  about  two  and 
one-half  times  the  wrought.     A  saving  is  thus  at  once  made  in 
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favor  of  the  wrought  magnet,  as  forgings  can  be  had  per  ponnd 
for  much  less  than  two  and  one-half  times  the  cost  of  cast-iron. 

The  same  number  of  ampere-turns  and  watts  being  required 
for  the  coils  of  the  cast  as  the  wrought-iron  magnet,  and  the 
weight  of  wire  varying  as  the  square  of  its  length,  the  coils  for 
the  cast-iron  frame  will  be  much  heavier.  The  armature  core 
may  have  the  same  diameter  in  each  frame,  but  must  be  longer 
in  the  cast  frame  so  as  to  come  under  the  pole-pieces,  thus  materi- 
ally increasing  its  weight. 

As  for  the  same  resistance,  the  weight  of  armature  winding  in- 
creases as  the  square  of  its  length,  considerably  more  wire  is  re- 
<^nired  for  the  armature  core  of  the  cast-iron  machine.  In  addi- 
tion, the  purely  mechanical  parts,  shaft  and  base  must  be  larger 
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and  more  costly  in  the  cast-iron  machine  because  of  the  greater 
weights  they  have  to  carry. 

To  illustrate  the  difference  in  cost  of  construction,  the  follow- 
ing data  of  two  machines  is  presented,  each  having  capacity  of 
!25  K.  w.  of  1,275  revolutions  per  minute,  the  same  winding 
losses,  the  same  ampere-turns  on  armatures  and  field  ampere- 
turns  in  air-gaps  equal  to  about  twice  the  armature  ampere-turns 
active  at  the  pole  comers. 

The  air-gaps  and  annature  cores  of  each  machine  are  crossed 
by  4,320,000  magnetic  lines,  and  allowing  a  leakage  of  25  per 
cent,  the  field  core  must  furnish  5,760,000  lines. 

A  wrought-iron  field  to  carry  5,760,000  lines,  at  90,000  per 
inch  saturation,  requires  a  section  of  64  square  inches,  which  is 
provided  by  a  core  of  8  inches  square  and  a  cast-iron  field  at 
40,000  lines  per  square  inch  requires  a  section  of  144  square 
inches  provided  by  a  core  12  inches  square. 
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Allowing  sufficient  length  for  magnet  windings,  the  same  air- 
gap  resistance  and  an  armature  core  of  11  inches  diameter  for 
each  of  these  frames,  their  dimensions  will  correspond  to  the 
above  drawings. 

The  weights  of  these  frames  are 

Wrought-iron  frame 1020  lbs. 

Cast-iron  frame 2780  •* 

For  work  as  shunt  motors,  the  wrought-iron  machine  requires 
11,000  ampere-turns  in  the  air-gaps  and  2,000  in  iron,  the  cast 
machine  11,000  ampere-turns  in  air-gaps  and  3,800  in  iron. 

With  440  watts  expended  in  field  coils  of  each  machine,  an 
average  length  per  turn  of  38  inches  in  the  coils  for  wrought- 
iron,  and  54:  inches  in  the  coils  for  cast-iron,  the  weights  of  these 
coils  are 

Wrought-iron  machine 183  lbs.  copper. 

Cast-iron  machine 840    **        ** 

The  drum  armature  for  the  wrought  frame  is  11  inches 
diameter  and  8  inches  long,  that  for  the  cast  frame  11  inches 
diameter  and  12  inches  long,  without  allowance  for  shaft  hole. 

The  weights  for  armatures  are 

Wrought-iron  machine 211  lbs.  disks. 

Cast-iron  machine 816    **      '* 

With  a  loss  at  full  load  of  490  watts  in  the  armature  wind- 
ing for  wrought-iron  machine,  and  464  watts  in  the  armature 
winding  for  cast-iron  machine,  these  windings  require  in 

Wrought-iron  machine 49  lbs.  copper. 

Cast-iron  machine 71     **        ** 

The  above  indicates  plainly  the  great  saving  of  wrought  over 
cast-iron  in  dynamo  construction. 

From  tlie  users'  standpoint  the  wrought-iron  machine  seems 
preferable  on  account  of  its  lesser  weight  and  bulk,  this  differ- 
ence being  especially  marked  in  machines  for  direct  connection 
to  engines,  and  other  purposes  where  slow  speed  is  necessary. 


Discussion  in  New  York. 

Thb  President  : — I  will  ask  Prof.  Crocker  if  he  will  open 
the  discussion  on  this  subject. 

Prof.  Francis  B.  Crocker  : — Mr.  President  and  gentlemen,  I 
regret  that  Mr.  Adams  did  not  carry  this  subject  further,  because 
it  IS  certainly  interesting,  and  is  also  very  important.  The  prin- 
cipal comment  would  be  in  regard  to  treating  the  subject  more 
fully.     But  1  note  one  or  two  points.     In  the  first  place,  he  dis- 
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poses  of  cast-steel  in  a  manner  which  I  think  is  hardly  worthy  of 
it.  I  mean  to  say  that  I  think  it  deserves  better  treatment;  be- 
cause, in  the  first  place,  the  cost  of  cast-steel  is  less  at  present 
market  prices  than  tnat  of  f orging^s  of  the  same  shape.  For  ex- 
ample, cast-steel  can  be  obtained  in  ordinary  sizes  and  shapes,  and 
in  (^uite  complicated  shapes  at  four  cents  per  pound.  Drop 
forgings  would  probably  cost  something  like  six  or  seven  for  similar 
shapes  and  similar  sizes.  To  be  sure  we  can  get  plain  wrought-iron 
in  bar  shape,  for  example,  or  cylinders  of  wrougnt-iron,  for  two  or 
three  cents  a  pound  ;  but  before  these  were  gotten  into  shape  to  be 
used  for  dynamos  and  motors  they  would  cost  considerably  more,on 
account  of  the  machine  work,  and  the  fitting  on  of  the  pole- 
pieces  and  various  parts.  The  raw  material  might  be  fairly  cheap, 
but  before  it  was  gotten  into  the  finished  shape,  I  think  it  would 
cost  more  than  the  cast-steel,  to  say  nothing  of  the  complication 
and  disadvantage  of  having  a  machine  made  up  of  several  parts 
instead  of  one  integral  castmg.  Consequently,  I  should  say  that 
cast-steel  should  be  put  ahead  of  wrought-iron  as  a  material  for 
the  field-magnets  of  dynamos  and  motors. 

I  would  also  like  to  call  attention  to  the  fact  that  the  terms 
*'  cast-steel "  and  "  wrought-iron  "  are  arbitrary.  We  are  accus- 
tomed to  consider  wrought-iron  as  a  certain  material,  and  cast-steel 
as  quite  a  different  material,-  but  those  names  are  based  usually 
on  the  processes  of  production,  and  not  on  the  chemical  composi- 
tion or  physical  properties  of  the  metal  obtained.  1  do  not 
think  that  point  is  fully  realized  by  those  who  have  not  made  a 
special  study  of  it.  Mr.  Tesia  called  my  attention  to  the  fact  sev- 
eral years  ago  that  "  steel "  may  be  actually  purer  iron  than  the 
ordinary  wrought-iron  of  commerce.  Consequently  it  is  really 
cast  wrought-iron,  and  therefore  we  might  expect,  and  we  do 
actually  get  about  the  same  magnetic  permeability  for  cast-steel 
as  for  wrought-iron,  simply  because  it  is  nearly  pure  iron  in  both 
cases,  the  impurities  being  about  the  same.  Of  course  very  pure 
wrought-iron  is  purer  than  so-called  cust-steel,  but  ordinary 
wrought-iron  is  not.  The  old  idea  was,  that  steel  consisted  of  iron 
containing  about  one  per  cent,  of  carbon.  Of  course,  to-day,  that 
is  not  necessarily  so,  because  it  is  possible  to  get  mild  steel  which 
contains  only  a  very  small  fraction  of  one  per  cent,  of  carbon.  The 
advantage  of  cast-steel  is  that  it  can  be  obtained  in  almost  any 
desired  shape.  I  will  cite  only  one  case  to  illustrate  where  cast- 
steel  could  be  employed,  and  is  employed  very  successfully,  where 
it  would  be  out  of  the  question  to  employ  wrought-iron,  and  that 
is  in  the  box  type  of  railway  motor.  It  is  almost  inconceivable 
that  such  a  machine  could  be  made  with  a  wrought-iron  field 
magnet ;  whereas  cast-steel  answers  admirably,  and  boxes  with 
sides  only  half  an  inch  or  so  in  thickness,  can  be  made  very  suc- 
cessfully and  are  just  exactly  what  are  required.  Less  compli- 
cated shapes  than  that  might  be  made  in  wrought-iron,  but  usually 
they  can  be  made  much  more  easily  in  cast-steel,  and  even  the  ordi- 
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nary  magnets  with  pole-pieces  suitable  to  form  the  field  space 
can  be  made  in  cast-steel  more  easily  than  they  can  in  wrought- 
iron.  Consequently  it  seems  to  me  that  cast-steel  id  really  the 
thing  to  compare  with  cast-iron  as  a  tnaterial  for  field  magnets. 
It  is  rather  convenient  that  if  we  make  a  square,  or  circle,  or  other 
similar  figure  of  one  and  one-half  times  the  linear  dimensions  we 
get  an  area  two  and  a  quarter  times  as  great.  Consequently  this 
ratio  is  exactly  right  to  make  up  for  the  relative  permeabilities  of 
cast  and  wrought-iron.  and  in  designing  and  comparing  dynamos 
and  motors,  this  is  rather  a  convenient  point.  It  is  contained  in 
this  paper,  but  it  is  so  simple  that  it  is  worthy  of  special  notice. 

A  point  that  Mr.  Adams  does  not  touch  upon  is  the  making 
of  composite  machines.  By  that,  I  mean  a  machine,  for  example, 
with  wrought-iron  or  cast-steel  magnet  cores  and  with  cast-iron 
yokes  or  base.  In  many  cases  that  is  a  great  advantage.  It  is  a 
great  advantage  because  you  want  the  weight  in  certain  places, 
and  the  comparison  he  makes,  where  cast-iron  is  so  much  greater 
in  weight  than  wrought-iron,  becomes  converted  from  a  dis- 
advantage to  an  advantage.  In  my  opinion,  and  I  advocated  it 
before  this  Institute  some  years  ago,*  a  certain  weight  in  a  sta- 
tionary machine,  particular!  v  if  that  weight  is  placed  near  the 
ground,  is  positively  desirable,  and  a  cast-steel  frame  throughout, 
m  my  opinion,  would  not  make  as  desinible  a  machine  as  one 
with  a  certain  amount  of  cast-iron  put  in  the  base  as  ballast,  so  to 
speak.  That  involves  machine  work  and  complications,  which  I 
said  was  somewhat  objectionable ;  but  in  most  cases  it  is  unavoid- 
able. No  one  is  likely  to  make  the  entire  machine,  including 
bearings,  base  and  fieldmagnets,  in  one  piece,  and  if  we  are  go- 
ing to  make  them  of  two  pieces,  it  is  just  as  well  to  construct  tlie 
magnet  proper  of  a  material  having  the  highest  permeability ; 
and  the  base,  yoke,  bearings  and  other  parts,  where  permeability 
is  not  of  much  consequence,  can  be  made  of  cast-iron  with  ad- 
vantage. 

Now  there  are  certain  peculiar  designs  of  machine,  where  a 
certain  one  of  these  three  materials  may  be  almost  essential  or 
desirable,  and  it  will  be  well,  1  think,  if  a  somewhat  more  prac- 
tical and  real  case  were  given  than  that  illustrated  in  the  figures. 
The  form  represented  here  is  simply  an  ideal  or  abstract  magnet, 
and  the  rest  of  the  machine  is  not  shown,  and  when  you  come  to 
design  the  entire  machine,  it  might  seriously  modify  the  mere 
geometrical  facts  that  the  magnet  shown  would  indicate,  and  as 
an  illustration,  if  for  no  other  reason,  I  think  it  would  be  well  if 
the  paper  were  supplemented  by  the  actual  design  of  three  or 
four  practical  machines.  Then  I  think  you  would  find  that  the 
case  is  not  quite  so  simple  as  it  appears  to  be  in  the  paper.  I 
presume  Mr.  Adams'  intention  was  only  to  give  a  general  com- 
parison, and  not  special  cases,  but  it  would  certainly  add  to  the 

1.  Transactions,  vol.  viii.,  p.  188. 
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valne  of  the  paper  if  at  least  one  special  case  were  considered 
and  carried  out. 

Mb.  Richard  Fleming  : — The  casual  reader  of  Mr.  Adams' 
paper  would  be  likely  to  get  the  impression  that  there  was  no 
other  metal  than  cast  and  wrought-iron  available  for  dynamo 
construction.  It  is  uot  a  discussion  of  the  *'  best  metal "  for 
the  purpose,  as  much  as  it  is  a  comparison  of  the  relative  advan- 
tages of  wrought  and  cast-iron.  Dynamo  builders  long  ago  found 
that  wrought-iron  was  far  superior  to  cast  in  point  of  cost  and 
construction,  but  this  is  about  the  only  advantage  it  has  over  cast- 
iron,  for  a  dynamo  or  motor  of  casMron  will  work  equally  as 
well  as  any  wrought-iron  machine  if  the  same  laws  are  followed 
out  in  the  design. 

It  will  be  heavier,  of  course,  but  that  is  only  a  matter  of  freight 
and  cartage.  After  it  is  set  up,  it  matters  little  to  the  user 
whether  it  weighs  one  ton  or  two,  if  it  does  its  work  as  well. 
The  extra  weight  in  this  case  is  an  advantage,  for  the  machine 
will  be  less  liable  to  vibrate  on  a  light  foundation. 

I  do  not  agree  with  the  author  that  the  armature  must  be 
longer  in  a  cast  frame.  I  do  not  see  why  any  extra  length  should 
be  allowed  so  as  to  come  under  the  pole-pieces.  There  is  no  dif- 
ficulty in  designing  a  machine  to  have  an  air-gap  area  at  least 
equal  that  of  a  cast-iron  field  core  with  an  induction  of  40,000 
to  the  square  inch.  And  as  40,000  lines  to  the  square  inch  in 
the  air-gap  ie  very  high,  the  armature  will  of  necessity  have  to 
be  made  long  enough  to  reduce  the  induction  in  the  air-gaps  to  a 
practicable  limit.  About  ^0,000  (square  inch)  is  the  average  in- 
duction in  the  air-gap.  This  certainly  will  not  saturate  the  pole 
face,  and  as  a  wrought-iron  frame  admits  of  no  higher  induction 
in  the  gap,  there  is  no  reason  why  the  armature  should  be  shorter 
in  the  wrought  frames. 

Going  bacK  to  the  question  of  the  best  metal  for  magnet 
frames,  and  allowing  that  the  cost  of  production  of  the  finisned 
article  is  the  only  consideration  that  governs  the  choice,  there  is 
no  doubt  in  my  mind  that  cast-steel  is  far  cheaper  than  either 
wrought  or  cast-iron.  I  have  not  jumped  at  the  conclusion 
either. 

I  have  made  a  large  number  of  designs  of  machines  allow- 
ing the  same  efficiency,  speed,  etc.,  and  found  from  an  im- 
partial consideration  of  the  matter  that  steel  gave  the  best  results. 
This  is  due  more  to  the  facility  with  which  it  leads  itself  to  be 
moulded  into  any  desired  shape,  than  to  any  inherent  quality  as 
a  magnetic  material,  though  between  the  blest  wrought-iron  and 
the  best  cast-steel  there  is  little  difference  in  this  respect,  and  the 
price  per  pound  will  be  in  favor  of  the  steel.  The  weight  of 
metal  in  either  case  for  frames  of  the  same  capacity  will  be  about 
the  same.  The  chief  advantage  of  steel  will  be  the  small  cost  of 
machining,  and  the  shorter  time  it  takes  to  put  it  through  the 
shops.     Tnis  is  due  to  the  fact  that  a  frame  can   be  designed  m\ 
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that  when  it  comes  from  the  foundry  there  is  very  little  tooling 
to  be  done  on  it,  which  is  a  very  large  item  in  these  days  oi 
sharp  competition.  The  finished  machine,  too,  can  be  made  to 
look  better  at  less  cost,  and  its  working  qualities  will  be  as  good, 
if  not  better. 

Dr.  Samuel  Sheldon  : — It  seems  that  data  of  the  magnetiza- 
tion curves  of  wrouffht-iron  are  few.  Some  one,  I  think,  per- 
haps, it  was  Mr.  Stemmetz,  uttered  a  suspicion  that  Hopkinson's 
iron  was  remarkably  good.  Hopkinson's  results  crop  up  in  all 
our  papers  on  magnetic  phenomena.  1  have  tested  a  number  of 
samplesof  cast-steel  from  diflEerent  iron  firms  and  Ifind  that  you  can 
get  a  very  good  quality  of  open-hearth  steel  for  four  cents  a  pound. 
We  have  quite  a  number  of  tests  on  steel,  made  at  Cornell.  1 
have  found  three  samples  of  steel  which  he  higher  and  show  a 
better  permeability  than  the  samples  of  steel  mentioned  in  the 
Cornell  paper.  I  have  found  one  sample  of  steel  which  runs  at 
one  portion  of  the  carve— to  be  sure,  it  is  at  a  rather  high  mag- 
netizing force  {II  =  thirty-five) — ^above  Hopkinson's  curve  for 
soft  iron.  Some  of  the  forms  of  steel  do  not  run  as  high ;  for  a 
magnetization  of,  say,  15  to  25,  they  run  from  11,000  to  12,000. 
Other  samples  are  from  14,000  to  15,000  for  those  same  magneti- 
zations. So  it  seems  that  when  we  come  to  consider  the  ease  of 
manufacture  and  other  points  in  favor  of  cast-steel,  we  cer- 
tainly cannot  throw  up  the  lack  of  magnetic  properties  in  the 
face  of  them. 

I  should  like  to  know  if  there  are  any  other  members  present 
who  have  made  measurements  on  wrought-iron  which  yield  in- 
ductions as  high  as  Hopkinson's  iron. 

Mr.  Kennelly  : — In  relation  to  the  question  of  the  permea- 
bility or  reluctivity  of  wrought-iron  and  steel,  I  never  have  seen 
any  numerical  values  obtain^  by  Dr.  Hopkinson.  I  think  that 
Dr.  Hopkinson's  values,  as  noted  in  various  papers,  are  taken 
from  a  curve  given  in  his  original  paper,  and  I  have  seen  it  stated 
in  some  of  the  quotations  that  they  were  taken  from  that  curve. 
In  fact,  there  was  an  ascending  and  a  descending  curve  which 
differed  materially.  I  have  made  a  number  of  measurements  of 
the  reluctivity  or  permeability  of  samples  of  wrought-iron  and  cast- 
steel,  and  have  never  found  any  sample  of  wrought-iron  superior, 
or  even  equal  to  the  quoted  values  of  Hopkinson's  iron  in  the 
earlier  parts  of  the  curve,  that  is  to  say,  between  three  gilberts  and 
ten  gilberts  per  centimetre  ;  but  from  ten  onwards,  the  samples 
that  1  have  tested  have  shown  a  permeability  almost  exactly 
equal  to  that  of  Hopkinson's,  and  some  samples  of  steel  that 
I  have  tested  have  been  superior  to  the  iron  of  Hopkinson  by  a 
small  amount,  in  the  same  way  that  Dr.  Sheldon  describes. 
While,  however,  the  reluctivity  of  good  wrought-iron  is  very 
fairly  uniform  in  diflEerent  samples,  the  reluctivity  of  diflferent 
samples  of  cast-steel  frequently  diflEers  materially. 

MR.  Gano  S.  Dunn  : — I  think  one  reason,  perhaps,  why  such 
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g«iod  curves  have  been  obtained  of  wrought-iron  is  because  most 
of  the  tests  that  have  been  made  have  been  made  on  very  small 
samples,  on  wires  of  a  few  millimetres  in  diameter,  and  I 
l)elieve  that  such  wires  would  be  found  to  be  of  higher  mag- 
netic quality  than  a  large  bar,  which  is  what  we  have  to  deal 
with  in  the  actual  construction  of  the  machine.  My  experience 
with  wrought-iron  has  been  that  it  has  never  come  equal  to  Hop- 
kinson's  curve,  and  it  frequently  falls  nearly  ten  per  cent,  below 
it  throughout. 

Mb.  James  Burkk  : — I  note  that  Mr.  Adams  has  compared 
these  machines  on  the  basis  of  the  same  total  watts  lost  in  the 
magnet  coils.  It  seems  to  me  that  one  point  which  might  be 
tjonsidered,  is  a  comparison  on  the  basis  of  the  same  heatmg  of 
the  coils,  for  in  the  case  referred  to,  on  account  of  the  very  much 
greater  radiating  surface  in  the  cast-iron  machine,  its  windings 
would  run  very  much  cooler.  The  weight  of  copper  in  the  magnet 
windings  of  the  cast-iron  machine  would  be  reduced  considerably 
if  the  same  increase  in  temperature  as  in  the  wrought-iron  ma- 
-chine  is  allowed.  The  actual  loss  in  the  magnet  winding  would 
be  increased  on  account  of  this  reduction  in  copper,  but  as  the  ar- 
mature core  loss,  in  the  machines  Mr.  Adams  has  compared,  is 
much  less  in  the  cast-iron  machine,  for  it  has  a  lower  density  in 
the  core,  the  efficiency  of  the  machine  would  not  be  affected 
materially. 

Mr.  Adams  points  out  that  the  armature  has  to  be  very  much 
longer  in  the  cast-iron  machine.  If  the  common  practice  of  hav- 
ing a  gap  density  in  the  neighborhood  of  40  to  60,000  is  fol- 
lowed, it  would  seem  unnecessary  to  have  a  longer  armature  in 
the  cast-iron  than  in  the  wrought-iron  machine. 

It  is  sometimes  a  great  advantage  in  machines  with  toothed 
armatures,  to  use  laminated  pole-pieces.  In  cases  of  this  kind 
the  cost  of  construction  can  often  be  reduced  by  using  a  yoke  of 
<?ast-iron  and  casting  the  pole-pieces  into  it. 

Another  condition,  wherein  cast-iron  has  some  advantages  as  to 
•cost  of  material,  exists  in  the  magnet  yokes  of  large  machines 
with  many  poles,  in  which  the  section  necessary  for  mechanical 
reasons  is  also  sufficient  to  allow  a  normal  density  for  cast-iron. 

I  also  wish  to  call  attention  to  the  densities  that  Mr.  Adams 
states  for  cast-steel,  as  it  is  not  unusual  practice  in  steel  magnet 
-cores  to  run  the  density  up  to  90  or  even  100,000. 

Mr.  W.  L.  Bliss: — It  seems  to  me  that  the  greatest  advantage 
to  be  gained  from  the  use  of  wrought-iron  and  steel  in  the  manu- 
facture of  field  magnets  for  electrical  machinery,  would  lie  prin- 
cipallv  in  the  construction  of  small  machines.  We  are  almost 
invanably  confined  to  the  bipolar  type  of  magnet  in  dynamos  and 
motors  of  small  output,  and  this  type  of  magnet  must  necessarily 
be  constructed  of  material  of  high  permeability.  In  a  small  ma- 
chine, the  relations  existing  between  the  various  dimensions  are  to- 
tally different  from  those  of  machines  of  larger  output.  For  instance. 
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ill  a  small  dynamo,  the  air-gap  bein^  enormously  larger,  simply 
for  mechanical  reasons,  than  is  required  to  secure  regulation  and 
sparkless  running,  a  very  excessive  magnetizing  force  is  required 
on  the  fields,  and  this  in  turn  necessitates  the  use  of  a  high  grade 
of  wrou^ht-iron  or  steel.  When  we  come  to  build  a  larger  ma- 
chine— Mr.  Adams  speaks  here  of  25  k.w. — it  is  a  question 
whether  we  continue  m  the  bipolar  type,  or  what  seems  prefer- 
able to  me,  pass  to  multipolar  construction.  If  we  adopt  the 
latter,  I  think  we  shall  find  that  after  calculating  the  armature 
dimensions  according  to  the  best  modem  practice,  and  allowing 
sufficient  air-gap  to  secure  satisfactory  operation,  the  cross-section 
of  our  field  magnet  and  poles  will  be  great  enough  toadmitof  the 
use  of  almost  any  metal  whether  it  be  wrought-iron,  cast-iron  or 
steel.  The  length  of  the  magnetic  circuit  in  a  multipolar  machine 
is  always  smaller  relatively  to  the  other  dimensions  than  in  a  bipolar^ 
and  hence  the  portion  ot  the  magnetic  circuit  that  will  require 
the  most  attention  will  be  the  air-gap.  This  latter  will  consume 
such  a  large  percentage  of  our  magnetizing  force,  that  it  matters 
little  what  slight  reluctances  be  introduced  into  the  magnetic  cir- 
cuit, and  indeed  if  we  employ  a  constniction  like  that  mentioned 
by  Mr.  Burke  where  laminated  pole-pieces  are  cast  into  cast-iron 
frames,  although  such  a  construction  introduces  a  reluctance  at  the 
joint,  we  need  not  allow  this  matter  to  trouble  us,  since  the  am- 
pere-turns required  for  the  air-gap  constitute  so  large  a  percentage 
of  the  total  field  excitation.  Consequently  in  large  machines  we 
are  not  compelled,  either  on  account  of  efficiency  or  first  cost,  to 
introduce  expensive  forgings  or  even  steel  castings.  It  will  sim- 
ply be  a  (luestion  of  weight.  By  using  the  metals  of  high  per- 
meability we  can  somewhat  reduce  weight  and  bulk.  In  large 
machines  the  air-gap  has  to  be  so  abnormally  increased,  beyond 
that  required  for  simply  mechanical  purposes,  and  especially  in 
multipolar  forms,  that  in  almost  any  well-designed  machine  with 
a  toothed  armature,  it  would  be  possible  to  take  all  the  conduc- 
tors out  of  the  slots  and  distribute  them  around  the  circumference 
of  tlie  armature,  and  still  leave  plenty  of  room  for  banding  and 
clearance.  So  the  question  of  using  steel,  wrought-iron  or  cast- 
iron,  for  our  field  magnets  would  depend  principally  on  the  size 
of  the  machine.  1  think  one  criticism  that  could  he  made  on  the 
form  of  machine  depicted  in  these  drawings  is  that  it  is  perhaps^ 
a  little  antiquated.  It  does  not  seem  to  me  a  very  economical  de- 
sign of  field  magnet  for  that  output. 

Fbof.  Crocker: — it  seems  to  me  that  cast-steel  is  not  the  ex- 
pensive metal  that  the  last  speaker  implied.  Cast-steel  can  be 
obtained  for  four  cents  per  pound,  and  it  is  equivalent  to  fully 
twice  the  cross-section  of  east-iron.  Now,  we  cannot  get  cast  iron 
for  less  than  two  cents  per  pound.  Consequently,  we  are  exactly 
as  well  off  with  cast-iron  or  with  cast-steel,  so  far  as  the  mere  cost 
of  the  magnet  is  concerned.  And  furthermore,  to  get  the  same 
number  of  ampere-turns  with  cast-iron  it  requires  about  41  percent. 
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more  wire  tlian  on  cast-steel.  I,  therefore,  fail  to  see  that  the 
use  of  cast'Steel  is  an  expensive  luxury.  It  seems  to  me  that 
it  is  truly  the  cheapest  material  for  the  purpose  to-day.  We  not 
only  get  the  advantage  of  the  high  permeability,  but  also  secure 
actual  economy  in  wire,  and  a  smaller  and  better  machine  in 
every  way.^ 

Mb.  Adams  :— I  need  hardly  say  that  this  little  paper  was  not 
intended  to  he  exhaustive,  or  to  say  all  that  might  be  said  on  the 
subject. 

I  have  often  heard  ideas  expressed  similar  to  those  advanced 
by  one  speaker  to-night,  to  the  effect  that  cast-steel  or  wrought- 
iron  makes  au  expensive,  efficient  machine,  and  casMron  a  cheap 
but  rather  inefticient  machine,  and  that  idea  is  one  which  this 
paper  was  intended,  if  possible,  to  set  aside,  as  I  believe  that  for 
a  given  efficiency,  speed,  capacitv  and  condition  of  working 
qoalities  a  high  permeability  metal,  as  wrought-iron  or  cast-steel 
will  make  a  cneaper  machine,  cheaper  as  to  the  cost  of  the  frame, 
cheaper  as  to  the  cost  of  the  field  wire,  and  cheaper  as  to  the  cost 
of  the  armature  wire  than  will  a  low  permeability  metal  like 
cast-iron.     Any  way  that  I  can  figure  it  brings  that  result. 

I  will  say  with  reference  to  the  remark  of  Professor  Crocker, 
concering  the  relative  cost  of  cast-steel  and  wrought-iron,  that  our 
difference  of  opinion  on  that  lies  largely  in  the  fact  that  I  must 
have  found  a  cheaper  place  to  buy  wrought-iron  than  he  has.  As 
I  said  in  the  paper,  in  simple  shapes,  such  as  are  required  and 
used  for  bipolar  machines  by  many  parties,  wrought  iron  forg- 
ingscan  be  had  at  as  low  price  per  pound  as  cast-steel.  I  have 
never  been  able  to  get  steel  castings  that  would  come  within 
-j^'  of  the  dimensions  given  on  the  drawing  to  the  pattern-mak- 
ers. But  one  can  get  rough  machined  forgings  witnin  -^"^  and 
that  is,  perhaps,  not  too  much  leeway  to  allow  in  field  spools  to 
slip  over  the  cores,  and  it  saves  machining  in  the  shop.  That  1 
consider  a  very  considerable  advantage,  as  if  field  spools  are  de- 
sired to  fit  accurately  over  cast-steel  cores,  you  must  machine  the 
cores  in  any  steel  that  I  have  been  able  to  get  hold  of.  Of  course, 
my  experience  does  not  cover  many  makes,  and  there  may  be 
steel  castings  that  come  to  within  X"  of  given  dimensions. 

With  r^^rd  to  the  type  of  machine  taken  here  as  an  illustra- 
tion, I  must  disagree  with  some  of  the  remarks  that  have  been 
made,  because  I  have  certainly  taken  here,  if  I  understand  the 
matter,  a  type  of  machine  wnich  is  made  by  more  prominent 
manufacturing  concerns  than  any  other  in  the  world — the  ordi- 
nary bipolar,  straight,  upright,   downright  field  magnet      I  do 


1.  In  the  paper  already  cited  (Transactions,  vol.  viii.,  p.  190)  I  stated  that 
"The  supposition  that  cast-iron  is  cheaper  than  wrought  is  a  fallacy,  as  its 
permeability  is  as  much  below  that  of  wrought-iron  as  is  its  price,  both  being 
about  one-half."  The  same  is  now  true  of  cast-steel,  which  at  that  time  (May, 
18i>l),  however,  cost  about  twice  as  much  as  at  present,  and  was  rarely  used  for 
the  purpose. 


Digitized  by 


Google 


^8  ADAM8  ON  FIELD  MAGNET  FRAMES,  [Jan.  16, 

not  know  of  any  single  type  that  is  made  by  prominent  concerns 
the  world  over  as  generally  as  that.  I  fail  to  see  anything  ideal, 
^s  opposed  to  practical  in  this  design. 

In  the  wrought-iron  design,  I  have  made  quite  a  number  of 
machines  running  up  into  the  dozens,  of  about  that  same  section 
and  weight  of  magnet  and  same  capacity,  and  from  the  knowl- 
edge that  I  have  of  the  practice  of  other  concerns  in  this  country 
and  in  Europe,  I  am  very  certain  that  a  great  many  machines 
have  been  designed  and  are  operated  to-day  that  correspond  very 
nearly  as  to  wrought-iron  field-magnet  with  that  1  have  shown. 
1  have  also,  I  am  sorry  to  say,  seen  some  field  magnets  made  by 
prominent  concerns  that  correspond  very  closely  to  the  large 
cast-iron  one. 

The  criticism  has  been  made  that  the  armature  should  not  have 
been  lengthened  out  for  the  cast-iron  frame.  If  any  gentleman 
can  show  how  he  will  shape  that  frame  to  get  the  magnetism 
from  it  to  the  armature  core  without  making  that  armature  core 
bigger,  then  the  criticism  will  rest  on  a  solid  foundation.  I  con- 
fess 1  do  not  know  how  to  do  it  in  a  satisfactory  manner.  It 
might  be  done  by  flattening  out  the  frame  and  making  it  only 
%"  wide,  and  then  it  would  have  to  be  big  enough  the  other  way 
to  give  the  section  of  144  square  inches,  which  it  strikes  me  would 
make  at  least  an  odd  shape  of  field  magnet. 

With  reference  to  the  magnetic  qualities  of  wrought-iron  I  may 
say  that  in  building  several  nund red  machines  of  wrought-iron  1 
have  in  almost  every  instance,  where  I  have  had  well  hammered 
forgings,  which  are  of  course  essential,  been  able  to  get  results  in- 
dicated by  Ilopkinson's  data.  My  experience  with  cast-steel, 
while  I  have  not  used  nearly  as  much  of  it  as  many  gentlemen 
who  have  spoken  here  to-night,  has  been,  that  one  cannot  rely  on 
getting  as  high  permeability  with  it  as  in  well  hammered  lorg- 
mgs.  It  may  be,  of  course,  that  my  experience  with  cast-steel 
has  been  unfortunate,  but  I  have  found  it  rather  an  uncertain 
metal  in  the  matter  of  permeability.  If  we  have  to  deal  with  any 
metal  that  is  certain,  I  think  it  is  wrought-iron — I  mean  iron 
well  hammered,  not  bar-iron  bought  in  the  open  market,  but  iron 
that  is  hammered  up  from  scrap  until  it  is  clean,  so  that  it  does 
not  show  any  bad  seams  or  anything  of  that  sort.       ^ 

With  regard  to  the  adaptability  of  wrought-iron  and  cast-steel 
for  machines  of  intricate  snape,  I  want  to  say  that  it  is  not  the 
purpose  of  this  paper  to  attempt  to  balance  the  comparative  de- 
sirability of  simple  and  intricate  shapes.  There  is  no  question  if 
it  is  desirable  to  build  machines  of  intricate  shapes,  as  many 
think  it  to  be,  cast-steel  is  the  metal  to  use.  But  for  the  simple 
shapes  in  which  forgings  can  be  had,  at  as  low  price  per  pound 
as  steel  castings,  the  higher  permeability,  close  dimensions  and 
case  of  machining  make  forgings  more  desirable. 

With  regard  to  the  point  taken  bv  one  gentleman  that  we 
might  have  allowed  a  greater  loss  in  tLe  field-magnet  coils  of  the 
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cast-iroD  machine,  that  point  of  course  is  well  taken  in  a  sense. 
The  builder  of  a  cast-iron  machine  having  gone  to  a  good  deal  of 
expense  in  other  ways  would  naturally  try  to  save  himself  a  little 
by  using  more  watts  in  the  field  coils.  But  the  comparison  is 
based  on  the  same  coil  loss  all  around,  and  that  is  why  tne  figures 
are  carried  out  on  that  basis.  It  is  a  noticeable  fact  that  some 
very  prominent  builders  in  this  country  and  in  Europe,  in  spite 
of  the  very  desirable  qualities  of  cast-steel,  are  using  a  great  aeal 
of  cast-iron  and  wrougnt-iron  in  mai^net-frames,  some  of  them  in 
very  large  multipolar  machines.  1  do  not  myself  see  any  econ- 
omy in  the  use  of  stamped  sheet-iron,  except  where  it  is  necessary^ 
to  prevent  heating  of  pole-pieces,  and  from  my  point  of  view, 
that  necessity  had  better  be  avoided. 

It  certainly  would  be  cheaper  to  cast  or  even  to  bolt  solid  pole- 
pieces  of  wrought-iron,  into  their  proper  places  on  the  inside  of 
multipolar  frames,'  auch  as  1  suppose  were  referred  to,  than  to  use 
stamped  sheets  for  the  purpose. 

Mr.  Fleming: — I  would  like  to  add  a  word  in  regard  to  the 
space  necessary  to  allow  for  clearance  in  field  spools  to  go  over 
cast- steel  cores.  1  would  say  that  for  moderate  sizes,  say  12^  in 
largest  dimension  ;  i"  is  all  that  is  necessary.  A  small  clearance 
here  is  not  a  disadvantage,  as  it  admits  of  a  considerable  circula- 
tion of  air  between  coil  and  core,  thereby  increasing  the  radiating 
surface  of  the  coil. 

Elef erring  to  the  design  shown  in  the  paper — of  course  if  we 
confine  ourselves  to  square  sections  (upright  and  downright  as 
Mr.  Adams  expresses  it),  we  cannot  improve  on  the  design  very 
well,  but  there  is  no  necessity  of  making  the  cast-iron  frame  in  a 
single  casting  as  the  sketch  calls  for.  In  a  machine  of  this  class, 
a  better  plan  would  be  to  make  the  magnetic  circuit  in  two  or 
more  parts,  having  the  field  cores  of  circular  section,  thereby  re- 
ducing the  mean  lenffth  per  turn  of  wire  embracing  them,  which 
wonla  be  a  considerable  saving,  and  extend  the  pole-pieces  suffi- 
ciently to  embrace  the  armature,  the  length  of  which  is  determined 
by  the  polai  span,  and  the  density  of  magnetization,  both  of  which 
should  DC  about  the  same,  whether  wrought  or  cast-icon  be  used. 

It  is  practically  out  of  the  question  to  use  forgings  for  multi- 
polar dynanios  unless  in  coniunction  with  either  cast-iron  or  steel. 
When  used  with  cast-iron  there  is  trouble  from  oversaturation 
at  the  junction  of  the  two  metals,  due  to  the  lower  permeability 
of  the  cast-iron,  unless  special  precautions  be  taken  to  increase 
the  area  of  contact.  This  need  not  be  considered  if  cast-steel  is 
used. 

The  most  economical  plan  is  to  use  steel  throughout,  making 
the  magnetic  frame  in  as  few  parts  as  possible.  As  regards  the 
permeability  of  cast-steel  1  have  experienced  no  difficulty  in  get- 
ting an  induction  of  13,000  per  square  cm.  This  could  be  ex- 
ceeded were  it  not  necessary  to  allow  a  little  for  blowholes  and 
slight  imperfections  in  the  castings,  though  for  castings  from  the 
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best  manufacturers  nowadays  it  is  hardly  necessary  to  make  any 
allowance  for  blemishes. 

1  do  not  consider  it  policy  to  use  higher  induction  than  13,000 
in  the  average  wrought-iron  forging.  In  multipolar  machines, 
if  weight  and  compactness  of  design  have  any  consideration  at 
all,  the  advantage  is  decidedly  in  favor  of  cast-steel.  The  total 
weight  of  the  machine  will  be  less,  the  mean  length  of  the  mag- 
netic circuit  will  be  less,  and  by  getting  any  desired  section  for 
the  field  core  you  will  be  able  to  make  any  compromise  that  will 
be  deemed  necessary  in  the  design  of  the  machine.  Eapp  has 
said  trulv  that  a  dynamo  is  a  compromise  all  the  way  through. 

Mr.  Frank  M.  Ashley  : — Helative  to  the  difference  in  permea- 
bility of  cast-steel,  I  find  in  my  experience,  that  the  soundness  of 
the  metal  affects  the  permeability  and  that  in  getting  large  steel 
castings,  very  often  bad  blowholes  are  found  where  we  least  ex- 
pect them.  If  they  exist  near  the  surface  of  the  armature,  in  the 
pole  pieces,  they  naturally  make  a  great  difference  in  the  density 
of  magnetism  at  those  points.  It  is  necessary  to  have  the  poles 
free  from  blowholes  to  get  the  best  results,  and  in  ordering  cast- 
ings for  such  purposes,  I  find  that  by  specifying  that  the  metal 
shall  be  taken  from  the  center  of  the  run,  the  eastings  are  usually 
more  uniform  and  more  free  from  blowholes.  It  is  usually  where 
the  metal  is  taken  from  the  last  part  of  the  run  that  the  worst 
blowholes  occur.  I  have  at  present  a  couple  of  castings  with 
large  blowholes,  found  just  below  the  surface  when  they  were 
machined.  Kelative  to  the  air-gap  spoken  of,  the  tendency  seems 
to  be,  to  decrease  it.  A  fifty  k.  w.  machine  now  in  the  St.  James 
Hotel  is  said  to  have  an  air-gap  of  but  ^  of  an  inch. 

Mr.  Adams  : — I  neglected  to  call  attention  to  a  criticism  that 
was  made  with  reference  to  the  different  densities  in  air-gaps  of 
these  two  magnet  frames.  If  you  wiU  notice  what  is  said  in  the 
paper  on  the  subject,  you  will  find  that  the  intention  was  to  ex- 
pend the  same  field  ampere-turns  in  the  air-gaps  of  each  machine, 
so  that  we  might  expect  the  same  change  of  brush  lead.  In. 
other  words,  it  is  intended  that  the  ratio  of  the  field  ampere-turns 
to  the  ampere-turns  on  the  armature,  which  is,  of  course,  going 
to  determine  the  action  of  the  machine  as  to  change  of  brush 
lead  and  sparking,  other  things  being  equal,  shall  be  the  same 
in  each  machine.  I  do  not  know  that  there  is  anything  necessary 
about  any  particular  air-gap  density.  We  have  air-gaps  in  two 
machines  here,  and  each  air-gap  requires  the  same  number,  very 
nearly,  of  ampere-turns  expended  in  it  to  carry  across  it  a  certain 
amount  of  magnetism.  One  air-gap  we  have  is  comparatively 
short,  l"  in  all.  The  other  is  much  longer,  1  ^/.  But  the  area 
of  the  short  air-gap  is  so  small  as  to  make  up  in  magnetic  resist- 
ance the  advantage  it  has  over  the  other  in  the  matter  of  length. 
The  magnetic  resistance  of  the  air-gap  in  each  of  these  two 
frames  presented  in  the  drawing  is  intended  to  be  nearly  the  same. 
I  do  not  knqw  as  I  have  said  that  there  is  intrinsically  anything 
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better  about  an  air-gap  density  of  25  or  65,000  one  way  or  the 
other.  We  want  certain  conaitions  in  the  air-gape  to  control  the 
operation  of  the  machines,  and  if  it  had  been  thought  or  assumed 
what  different  conditions  than  those  suggested  Iiere  would  control 
the  action  of  the  machines  when  delivering  full  load,  they  might 
have  been  assumed.  They  may  still  be  assumed.  We  may  as- 
sume, if  you  please,  that  we  only  want  the  field  ampere  turns  in 
air-gaps  to  be  one  and  one-half  times  the  ampere-turns  of  arma- 
tures, active  at  pole  corners,  and  design  frames  to  correspond  to 
those  conditions,  but  the  same  advantages  will  still  holo  in  the 
use  of  wrought-iron. 
[Adjourned.] 


Discussion  at  Chicago,  January  16th,  1895. 
[Mr.  S.  Arthur  Rhodes  in  the  Chair,] 

Mr.  Edson  : — Modern  dynamos  are  usually  built  with  wrought- 
iron  Meld  and  a  cast-iron  pole  piece,  and  especially  is  this  construc- 
tion prominent  in  incandescent  dynamos.  In  the  construction  of 
alternators  the  iron  requires  to  be  very  finely  laminated  for  the 
field  pieces,  and  it  is  also  necessary  to  cast  an  iron  frame  around 
the  laminated  pole-pieces.  In  these  two  cases  the  entire  use  of 
wrought-iron  would  not,  I  believe,  be  particularly  desirable,  for 
the  reason  that  it  would  be  very  difficult  to  make  a  1000  h.  p. 
generator  in  a  suflSciently  solid  manner  for  carrying  the  magnetic 
lines  around  the  circuit,  while  they  can  be  cast  free  from  blow- 
holes and  made  nearly  perfect. 

For  some  motors  in  particular,  the  cast-iron  frame  offers  some 
advantages,  in  that  it  affords  a  more  solid  structure.  With 
wrought  iron,  the  band  would  be  too  thin  which  would  still  main- 
tain the  proper  magnetic  conductivity  in  a  good  substantial 
manner,  but  at  the  same  time  we  would  have  a  machine,  that 
with  a  forging  of  this  kind,  would  be  liable  to  spring. 

Mr.  B.  J.  Arnold: — 1  think  that  the  points  made  by  the 
speaker  were  well  taken.  It  would  be  impracticable  to  'make 
wrought-iron  field  pieces,  and  the  cast-iron  serves  all  the  purposes. 
It  is  certainly  mucii  cheaper  to  construct,  and  the  increased  weight 
when  put  Into  the  frame  is  nominal.  From  a  practical  stand  pom  t 
it  would  be  absolutely  impossible  to  build  wrought  iron  frames 
for  multif)olar  machines  to  put  on  the  market  in  the  present 
financial  state  of  affairs. 

Mr.  L.  L.  Summers: — The  diagram  shows  twelve  inches  to 
eight  inches.  I  think  that  if  the  arms  were  to  be  of  equal  length, 
that  the  width  would  be  different.  I  am  mor<e  interested  in  the 
cast-steel  part  of  the  problem.  I  wonder  if  any  one  can  give  me 
any  information  on  the  cost  of  cast-steel.  There  seems  to  be  a 
marked  improvement  in  the  last  few  years  in  the  making  of  steel 
castings.  There  have  been  several  attempts  made  in  the  west 
here  to  make  steel  castings,  but  I  do  not  know  with  what  success. 
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I  had  occasion  to  use  steel  castings  some  time  ago,  and  found  tliat 
they  were  made  in  Buffalo.  If  cast-steel  can  be  turned  out  at 
reasonable  cost  at  all,  it  ought  to  be  a  very  important  advent  in 
dynamo  designing,  because  it  would  enable  frames  to  be  used 
which  the  engineer  to-day  is  unable  to  use  on  account  of  the  cost 
of  construction. 

Mb.  C.  a.  Pbatt  : — I  think  that  the  whole  subject  depends  upon 
the  size  of  a  machine.  In  making  small  machines  for  motor  pur- 
poses there  is  no  question  as  to  the  advantage  of  cast-steel  over 
cast-iron,  especially  as  such  machines  must  be  small  and  light. 
On  the  other  hand,  in  manufacturing  large  machines,  there  is  an 
item  comes  in,  which  is  not  thought  of  in  the  smaller  ones,  and 
that  is  the  amount  of  tool  work.  If  wrought-iron  forgings  are 
to  be  used,  there  is  much  more  tool  work.  Cast-steel  is  wliat  is 
used,  I  believe,  on  street  car  motors.  They  are  made  here  in  the 
west,  are  perfectly  satisfactory,  and  are  made  up  to  about  300  or 
400  pounds  without  any  diflSculty,  at  a  cost  of  about  seven  cents 
per  pound.  I  think  that  the  cast-steel  is  quite  equal  to  wrought- 
iron. 

Mb.  B.  J.  Abnold  :— The  question  of  tool  work  comes  in  largely 
in  comparing  cast-iron  with  cast-steel.  The  tool  work  on  cast-steel 
is  very  much  more  expensive  than  cast-iron,  especially  if  there  is 
much  planing  to  be  done.  It  eats  up  tools  and  labor  much 
quicker  than  cast-iron.  The  question  in  regard  to  machines  is 
well  taken.  For  smaller  motors  the  wrought-iron  frames  are 
certainly  the  most  eflScient,  but  for  larger  work,  I  should  say  that 
cast-steel  or  cast-iron  would  be  the  beet. 

Mb.  Pbatt  : — There  is  a  limit  to  this  casting.  It  is  not  possible 
to  make  a  casting  larger  than  400  or  500  lbs.  A  representative 
of  the  Westinghouse  company  guarantees  to  make  me  anything 
in  cast-steel,  and  assures  me  that  they  can  get  most  any  kind  of 
a  casting  that  I  want.  As  to  whether  they  can  do  it,  I  do  not  know 
as  I  have  not  tried  them.  Five  years  ago  in  designing:  some 
heavy  duty  engines  I  used  cast-steel  for  the  cranks.  We  had 
some  difficulty  with  the  blowholes  in  those,  but  I  have  no  diffi- 
culty since,  and  they  tell  me  that  they  can  furnish  steel  castings 
of  any  desired  size.  But  these  castings  shrink  considerably,  and 
the  pattern  maker  does  not  know  how  much  to  allow  for  tnis. 

Mb.  Albebt  ScHEiBLG  called  attention  to  the  author's  diagram 
and  said  that  so  far  as  he  could  see  the  frames  were  made  with  a 
square  cross-section.  '*  I  doubt,"  he  said  "  if  those  proportions 
would  hold  good  in  larger  machines  of  other  types.  As  to  the 
difference  in  cost  of  the  tool  work  on  wrought-iron  and  that  on 
cast-iron,  I  should  think  this  would  be  largely  offset  by  the  dif- 
ference in  the  cost  of  copper  in  the  armature  windings." 

Mb.  Edson  : — In  connection  with  wrought-iron,  1  would  say^ 
that  it  has  one  advantage,  and  that  is,  that  a  dynamo  used  on 
shipboard  is  a  very  smaU  machine,  and  must  get  the  greatest 
output  from  a  pound  of  copper,  or  a  pound  of  iron,  and  here 
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wrouffh^iron  would  have  an  advantage  over  the  other  metals. 
But  this  would  not  apply  in  machines  of  larger  type.  In  con- 
nection with  steel  castmgs,  I  would  say  that  about  18  months  ago 
1  had  some  experience  with  steel  castings,  and  found  that  they 
were  full  of  blowholes.  In  the  cores  they  were  all  right,  but  at 
the  ends  where  we  wanted  them  to  hold  firmly  we  discovered 
that  just  at  this  point  they  were  very  unsatisfactory.  I  have, 
however,  s^n  some  castings  since,  which  were  much  better  than 
these,  and  there  has  doubtless  been  considerable  improvement  in 
their  manufacture. 
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AMERICAN   INSTITUTE   OF   ELECTRICAL 
ENOINEERS. 


New  York,  February  27th,  1895. 

The  91th  meeting  of  the  iNSTrruTE  was  held  this  date  at  1^ 
West  Slst  Street,  and  was  called  to  order  at  8  p.  m.  by  President 
Houston. 

The  President  : — In  the  absence  of  Mr.  Pope,  our  Secretary, 
who  is  unfortunately  ill,  Prof.  Crocker  has  kindly  offered  to  act 
-as  Secretary.  The  Secretary  will  please  read  the  minutes  of  the 
last  meeting. 

Prof.  Crocker  read  the  minutes  of  the  last  meeting,  and  on 
motion  they  were  adopted.  He  also  read  the  following  list 
of  associate  members  elected  and  transferred  at  the  council 
meeting  in  the  afternoon. 

Name.  Address.  Endorsed  by 

Anson,  Franklin  Robert    Manager,      Salem      Consolidated       P.  L.  Dame. 

Street  Railway  Co.,  Salem,  Ore.        P.  S.  Malcolm. 

W.  C.  Cheney. 
■CuMNER,  Arthur  B.  Senior    Member,  firm    of    Cumner,    S.  S.  Wheeler. 

Craig  &  Co ,  69  Broad  Street,  Bos-    F.  B.  Crocker. 

ton,  Mass.  Geo.  M.  Phelps. 

LeConte,  Joseph  Nisbet   Instructor  in  Electrical  Engineering,         C.  L.  Cory. 

State  University,  F.  F.  Barbour. 

Berkeley,  Cal.      W.  Meredith. 

LoEWENHERZ,  HERMANN    Mechanical  Engineer,  Met.  Tel.  and      Jos.  Wetzler. 

Tel.  Co.,    18  Cortlandt  St .  New    J  no.  J.  Carty. 

York  City;  residence,  811  Hudson      T.  C.  Martin. 

St.,  Hoboken,  N.  J. 
MacCulloch,  Robert  C.     Manaeer,  Jos.  Lough  Electric  Co.,   H.  W.  Weller. 

503  Fifth  Ave.;    residence,  482  J.  G.  Kirkegaard. 

Lexington  Ave.,  New  York  City.  R.  W.  Pope. 

Mayer,  Maxwell  M.        Manufacturer  of  Dynamos  and  Motors,      A  L.  Riker. 

411107th   St.,    E.    R.;    residence,     O.  P.  Loomis. 

242  E.  114th  St.,  New  York  City.      Jos.  Wetzler. 
Nyhan,  J.  T.  Superintendent  and  Electrician,  Ma- W.  F.  D.  Crane. 

con  and  Indian    Spring    Electric  Edw.  Caldwell. 

Railway,  Macon,  Ga.  R.  W.  Pope. 

Paddock,  B.  C,  Jr.  Assistant  in  Generating  Dept.,  Edison  F.  A.  Pattison. 

Elec.  Illuminatinir  Co.  of  Boston;        Henry  Floy. 

residence,  Brooklme,  Mass.  F.  W.  Erickson. 
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Prince,  J.  Lloyd  Engineer,  F.  B.  Crocker. 

868  Flatbush  Ave.,  Max  Osterberg. 

Flatbush,  N.  Y.    W.  H.  Freedmaitr 

Redman,  Geo.  A.  General  Supt.,  Electric  Dept.,  Brush  F.  A.  Scheffler 

Elec.   Liffht    Co.,   and    Rochester     T.  C.  Martin. 

Gas  and  Elec  Co.,  Rochester,  N.  Y.     H.  A.  Foster. 

SwENSON,  Bernard  Victor    Instructor  in  Electrical  Engineer-       D.  W.  Shea. 

in^,  University  of  Illinois,  Cham-  Sain'l  Sheldon. 

paign.  III.  Townsend  Wolcott. 

Total  11. 


TRANSFERRED  PROM  ASSOCIATE  TO  FULL  MEMBERSHIP. 


Approved  by  Board  of  Examiners,  December  17,  1894. 


Crosby,  James  Wellington  Electrical  Engineer,  Hix,  Crosby  &  Co.,  New  York 

City. 
Hix,  E.  Randolph  Firm  of  Hix,  Crosby  &  Co.,  New  York  City. 

BiLLBERO,  C.  0.  C.  Electrical  Engineer,  8200  Arch  St.,  Philadelphia, 

Pa. 
Craio,  James  Hally  Firm  of  Cumner,  Craig  &  Co.,  Boston,  Mass. 

Shaw,  Edwin  C.  Manager,  Akron  General  Electric  Co.,  Akron,  O. 

Total  5. 

Prof.  Crocker  also  stated  that  the  Council  had  decided  to  have 
the  general  meeting  for  this  year  held  at  Niagara  Falls  on  Tuesday, 
June  18th,  and  had  also  changed  a  rule  of  the  Council  so  that  in  the 
future  ten  gentlemen  may  be  transferred  from  associate  to  full 
membership  at  any  one  meeting,  instead  of  five.  Heretofore  the 
limit  had  been  five,  which  necessitated  keeping  applicants  on  the 
list  for  a  long  time,  and  this  change  was  thougnt  necessary  in 
view  of  the  growth  of  the  Institute. 

The  President  : — If  there  is  no  business  which  the  Institute 
wishes  to  transact  at  this  time,  we  will  proceed  to  the  paper  of 
the  evening,  "  Notes  on  Recent  Electrical  Engineering  Develop- 
ment in  France  and  England."  It  is  not  necessary  to  introduce 
to  you  Mr.  H.  Ward  Leonard,  who  is  so  well  known  by  all  of  us. 

Mr.  Leonard  read  the  following  paper. 
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A  t<iptr  prtsenUd  at  the  Ninety/ourth  Meeting  of 
ike  American  Inttiiuii  0/  Electrical  Engineers^ 
New  Yorky  President  Houston  in  the  Chair ^  and 
Chicago^  Mr.  Carl  K.  MacFadden  in  the  Chair ^ 
February  27th  ^  r9i^. 


NOTES  ON  RECENT  ELECTRICAL  ENGINEERING 
DEVELOPMENTS  IN  FRANCE  AND  ENGLAND. 


by  h.  ward  leonard. 

Introduction. 

As  a  result  of  inspecting  some  of  the  most  interesting  of  the 
developments  in  the  field  of  electrical  engineering  during  a  recent 
trip  to  France  and  England,  and  as  a  result  also  of  having  met 
many  of  the  engineers  responsible  for  these  recent  developments, 
I  find  it  difficult  to  reach  a  conclusion  as  to  whether  we,  or  our 
contemporaries  across  the  water  are  ahead  in  the  electrical  en- 
gineering race. 

Of  course  when  one  attempts  to  compare  the  electric  develop- 
ments of  the  respective  countries  commercially,  we  are  in  the 
same  position  as  the  "  America  "  was  in  the  historic  yacht  race, 
"  there  is  no  second ;"  but  considering  the  recent  electrical  de- 
velopment from  an  engineering  standpoint  we  are  rapidly  losing 
the  lead  we  have  thus  far  held. 

Although  I  have  always  felt  that  so-called  fundamental  patents 
and  the  resulting  enormous  aggregations  of  capital  and  engin- 
eering talent  under  on^  management,  were  a  millstone  around  the 
neck  of  our  profession,  I  have  never  before  had  the  opportunity 
of  seeing  positive  and  unmistakable  evidence  of  it  'such  as  thia 
visit  abroad  showed  me. 

In  the  beginning  of  electric  lighting,  both  arc  and  incandescent,, 
we  led  the  world  from  an  engineering  standpoint,  and  were  years 
ahead  of  any  other  country.  But  what  has  been  done  in  this 
country  in  the  way  of  a  remarkable  electrical  engineering  devel- 
opment since  Edison  started  his  first  three-wire  system  at  Sun- 
bury,  Pa.,  in  July,  1883,  and  Westinghouse  established  his  alter- 
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Dating  Bystem  with  1,000-volt  primary  and  60-volt  secondary  a 
few  years  later,  and  Sprague  started  the  Richmond  electric  road  ? 
A  moment's  thought  will,  I  think,  make  you  all  realize  that  the 
practical  development  of  electrical  engineering  improvements  is 
almost  impossible  against  the  opposition  of  the  gigantic  corpora- 
tions in  that  field,  and  that  corporations  having  such  a  large 
iportion  of  their  capital  represented  by  patents  will  not  wish  to 
see  the  practical  trial  of  a  promising  improvement  which  they  do 
not  control,  and  which  may  depreciate  the  value  of  the  methods 
they  control  or  claim  to  control.  It  is  in  just  this  way  that  we 
are  losing  ground  when  compared  with  England  and  France. 

We  undoubtedly  have  the  best  three-wire  central  station  plants 
in  the  world,  also  the  best  alternating  system  converting  from 
1,000  to  60  volts.  But  what  other  kind  of  central  stations  have 
we  to  point  to  ?    Practically  none. 

We  have  500-volt  continuous  current  electric  railways  galore, 
and  we  operate  such  railways  at  distances  for  which  2,000  volts 
should  be  used  instead  of  500,  and  after  investing  more  money 
in  copper  per  car  than  the  entire  cost  of  the  electrical  equip- 
ment, we  still  lose  twice  as  much  energy  as  is  commercial  in  the 
line. 

Is  there  a  large  electric  railway  system  in  this  country  which 
as  an  electrical  transmission  of  power  is  a  credit  to  our  profession  ? 
Not  one. 

In  France,  and  even  more  in  England,  one  is  forcibly  impressed 
by  the  many  kinds  of  central  stations  being  tried.  Many  of  them 
may  seem  almost  sure  to  prove  commercially  unsuccessful,  but 
who  can  say  which  one  may  not  prove  the  "Sunbury"  of  an 
enormous  electrical  engineering  development  ? 

No  capital  or  patents  can  prevent  the  slow  development  of 
evolution,  but  I  fear  that  under  the  existing  conditions  we  shall 
have  to  content  ourselves  with  drawing  pictures  of  what  might 
be  done,  and  watch  the  continued  introduction  of  the  three-wire 
system  of  1883,  the  1,000  to  50- volt  alternating  system  of  about 
1887  and  the"continuous  current  500-volt  railway  system  of  1887, 
while  our  engineering  friends  abroad  keep  trying  not  only  their 
own  ideas,  but  the  ideas  of  many  of  us  from  this  side  because 
they  have  the  necessary  encouragement  and  opportunity  to  do  so, 
while  we  have  not. 

I  have  learned  on  this  hurried  trip  abroad  of  many  applications 
of  inventions  of  American  engineers  which  have  proven  very 
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successful  and  which  although  patented,  described  and  advertised 
in  this  country,  were  taken  up  first  by  English  or  French  engineers 
notwithstanding  their  well  known  pl^judice  against  American 
inventions. 

Alternating  Current  Practice. 

In  England  one  of  the  first  things  which  impresses  an  engineer 
is  the  total  absence  practically  of  a  50-volt  secondary  for  alter- 
nating systems.  It  is  the  general  practice  in  England  of  late  to 
use  a  three-wire  secondary  with  100  volts  on  each  side.  I  believe 
that  every  engineer  who  has  ever  given  the  subject  a  thought, 
knows  that  there  was  no  excuse  except  patents  for  a  50-volt 
two-wire  secondary  originally,  and  no  excuse  except  the  inertia 
and  prejudice  of  large  corporations  for  continuing  to  put  in  the 
two-wire  50-volt  secondary  to-day. 

Manufacturing  and  Engineering. 

In  England  there  is  a  multitude  of  medium  size  concerns,  man- 
ufacturing electrical  apparatus,  and  the  competition  is  mainly  on 
ideas,  and  not  the  cost  of  dynamos  per  kilowatt.  It  is  surprising 
to  find  that  generators  and  motors  are  much  cheaper  in  the  United 
States  than  in  either  England  or  France,  notwithstanding  their 
advantages  over  us  as  to  cheaper  raw  materials  and  labor. 

The  manufacturers  abroad  generally  consider  the"consulting 
electrical  engineers  as  entirely  unnecessary  in  view  of  the  multi- 
plicity of  schemes  which  every  plant  brings  forth  from  the  various 
manufacturers,  but  1  believe  that  a  great  deal  of  benefit  has  been 
and  is  being  accomplished  in  England,  by  virtue  of  the  custom  of 
placing  in  the  hands  of  good  consulting  electrical  engineers  the 
design,  for  instance,  of  a  large  central  station  plant  to  be  built  by 
a  city  itself. 

Has  a  central  station  of  this  kind  ever  been  built  in  this 
country  ?  I  think  not ;  that  is,  a  central  station  built  according 
to  advice  from  a  good  consulting  engineer  who  was  free  to  select 
the  good  features,  and  eliminate  the  bad  features  of  the  various 
systems  known  to  the  art.  Imagine  a  central  station  combining 
apparatus  and  methods  of  the  General  Electric,  Westinghouse, 
and  Siemens  and  Halske  all  in  one  system,  also  taking  advantage 
of  other  good  ideas  from  the  United  States  and  abroad.  Who 
can  doubt  that  it  would  be  better  than  could  be  built  by  using 
only  the  patents  and  apparatus  controlled  by  some  one  company. 
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Many  will  answer  that  all  the  best  engineers  are  in  the  employ 
of  the  leading  companies,  and  the  consulting  engineers  available 
are  incompetent  commercially,  and  there  is  a  great  deal  of  force 
in  this  argument ;  but  even  if  true,  it  certainly  merely  emphasizes 
the  difficulty  of  getting  a  practical  trial  in  this  country  of  prom- 
ising ideas  ii;i  the  electrical  field  unless  they  be  controlled  by  one 
of  the  would-be-monopolists. 

KOTARY   TbANSFORMKES. 

Kotary  transformers  are  used  in  several  stations  in  England  for 
a  continuous  current  high  potential  multiple  arc  distribution,  the 
secondary  being  a  three- wire  system  as  usual.  Such  a  plant  is  in 
use  at  Oxford.  At  Brighton  and  several  other  places  the  standard 
220-volt  continuous  current  three-wire  system  is  supplemented 
for  distant  lighting  and  in  newly  occupied  territory  by  the  alter- 
nating system  using  about  2,000  volts  in  the  primary,  and  a  £20- 
volt  three-wire  secondary. 

This  alternating  plant  supplies  the  distant  and  scattered  light- 
ing during  the  period  of  heavy  load,  and  during  the  period  of 
light  load  (about  three-quarters  of  the  whole  time)  this  distant 
lighting  is  supplied  directly  fron*  the  220-volt  three-wire  system 
by  switching  the  secondary  circuit  from  the  converter  to  the 
regular  three-wire  system. 

Mr.  Arthur  J.  Wright  who  installed  this  system  first  at 
Brighton,  spoke  of  it  to  me  as  an  American  invention  not 
patented  in  England,  a  description  of  which  he  had  read  in  the 
American  electrical  journals,  and  was  much  surprised  to  learn 
that  none  of  the  central  station  companies  had  made  use  of  it 
in  the  United  States,  as  it  was  proving  of  the  greatest  value  to 
him  in  his  plant. 

Steam  Engines. 

I  believe  we  are  ahead  of  England  and  France  in  the  design- 
ing of  dynamos  and  engines.  Their  workmanship  leaves  nothing 
to  be  desired,  but  giving  consideration  to  amount  of  material 
used,  efficiency  and  design,  I  think  we  are  in  advance  of  them. 

One  of  the  most  surprising  things  to  me  was  to  see  the  almost 
universal  use  of  engines  which  we  would  consider  had  practically 
no  governor.  That  is,  engines  using  slow  acting  throttling 
governors  instead  of  the  triumphs  of  engineering  skill  which 
are  so  common  in  this  country.     !N'ot  since  1883  have  I  seen  such 
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poor  governors  as  I  found  generally  used  abroad  in  the  finest 
and  most  recent  stations,  and  upon  engines  which  are  almost  per- 
fection itself  as  regards  manufacture. 

The  Parsons  Steam  Turbine. 

The  Parsons  steam  turbine  was  one  of  the  most  interesting 
things  I  saw  in  England.  These  steam  turbines  are  direct 
coupled  to  dynamos,  and  in  sizes  of  350  k.  w.  revolve  at  3,000 
revolutions  per  minute,  and  of  course  run  at  higher  speed  in 
smaller  sizes.  The  space  occupied  by  a  350  k.  w.  outfit  is  over 
all  about  twenty-five  feet  long,  five  feet  wide  and  including 
governor  about  seven  feet  high.  These  turbine  plants  when  run- 
ning at  these  high  speeds  are  entirely  free  from  vibration  and 
are  not  even  bolted  down,  but  are  supported  by  three  pedestals, 
one  near  each  end  and  one  at  the  middle.  There  are  some  seven 
or  eight  bearings  all  in  line,  and  a  continuous  stream  of  oil  is 
forced  through  the  bearings  by  a  small  pump  driven  by  a  worm 
on  the  main  shaft. 

The  bearings  used  are  extremely  simple  and  very  ingenious. 
The  shaft  runs  in  a  gun-metal  sleeve  of  about  the  usual  dimen- 
sions, but  between  this  sleeve  and  the  surface  of  the  pillow  block 
are  three  cylinders  of  thin  sheet  brass  concentric  with  the  shaft, 
and  sliding  loosely  over  the  gun-metal  sleeve.  The  gun-metal 
sleeve  is  prevented  from  turning  by  a  lug  projecting  down  at  one 
end  into  a  hole  in  the  pillow-block.  The  entire  box  being  filled 
with  oil,  it  will  be  seen  tliat  the  shaft  is  free  to  vibrate  slightly 
in  every  direction  as  it  revolves,  and  that  the  viscosity  of  the  oil 
tends  to  damp  any  such  vibration.  The  three  thin  surrounding 
sleeves  are  perforated  by  a  hole  of  about  ^  inch  at  about  every 
two  inches,  so  that  the  oil  can  work  freely  between  these  sleeves. 
The  Parsons  steam  turbine  uses  the  steam  expansively  as  a  recip- 
rocating engine  does.  The  steam  at  about  125  lbs.,  and  preferably 
superheated,  is  led  into  the  center  of  a  cylindrical  chamber  in 
which  the  moving  parts  revolve.  There  are  three  of  these 
chambers.  In  the  first  chamber  the  steam  is  expanded  down 
partially,  and  thence  goes  to  a  second  similar  chamber  and  finally 
to  a  third  one,  which  last  chamber  leads  to  the  condenser.  In 
each  of  these  chambers  the  steam  in  its  passage  from  the  admis- 
sion to  the  exhaust  has  to  pass  some  thousands  of  small  blades  or 
teeth  which  project  from  the  surface  of  the  disks  a  fraction  of 
an  inch.     The  amount  of  steam  used  and  its  expansion,  will  de- 
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pend  upon  the  clearance,  and  the  number  of  these  turbine  disks 
it  has  to  pass  in  getting  to  its  exhaust.  It  will  be  evident  that 
the  friction  of  the  engine  is  less  than  that  of  a  reciprocating 
<engine,and  that  the  condensation  losses  should  be  less.  Also  full 
advantage  can  be  taken  of  high  pressure  and  especially  of  super- 
heated steam,  for  the  difiiculties  of  proper  lubrication  and  pack- 
ing in  the  presence  of  high  temperature  steam  in  a  reciprocating 
•engine  do  not  apply  to  this  engine. 

Tests  by  Professors  Ewing  and  Kennedy  indicate  that  this  tur- 
bine when  in  perfect  condition  has  an  efficiency  of  one  k.w.  hour 
in  electrical  energy  produced  by  28  lbs.  of  feed  water,  the  tur- 
t)ine  being  operated  condensing.  This  is  equivalent  to  about  15.7 
pounds  of  water  per  indicated  horse-power  per  hour,  and  I  un- 
-derstood  that  in  a  recent  competition,  a  guarantee  was  made  by 
Mr.  Parsons  which  wag  equivalent  to  about  13  pounds  per  indi- 
tjated  horse-power  per  hour,  and  that  his  guarantee  was  lower  than 
that  of  the  best  triple  compound  condensing  engines  of  the  recip- 
rocating type  which  were  in  the  competition.  At  Newcastle-on- 
Tyne  I  saw  a  central  station  of  about  25,000  lights  operated  solely 
by  these  steam  turbines,  and  which  has  been  in  operation  since 
1890  and  has  been  earning  and  declaring  dividends  ever  since  it 
started.  An  interesting  fact  as  to  this  Newcastle  station  is  that 
all  of  the  conductors  are  laid  underground  and  consist  of  vul- 
canized rubber  cables  drawn  into  cast-iron  pi|ies  which  are  gas 
and  water  tight,  and  through  which  chemically  dried  air  is  forced 
from  the  station  by  a  blower. 

There  are  over  six  miles  of  piping  and  over  25  miles  of  cable, 
And  after  five  years  operation  Mr.  Parsons  states  that  they  have 
not  had  a  single  instance  of  failure  of  insulation,  explosion  or 
-other  trouble  with  the  underground  system. 

The  Laval  Stkam  Turbine 

Before  leaving  the  subject  of  steam  turbines,  I  will  describe 
the  Laval  steam  turbine  of  which  I  saw  a  number  in  the  works  of 
the  manufacturers,  Breguet  &  Co.  of  Paris.  This  steam  turbine 
-differs  radically  from  the  Parsons.  The  power  is  derived  from 
the  momentum  of  a  jet  of  steam  impinging  upon  buckets  near 
the  periphery  of  a  disk,  so  that  the  machine  is  somewhat  compar- 
able to  the  Pelton  water  wheel.  The  steam,  which  is  preferably 
used  at  a  high  pressure  and  exhausting  into  a  vacuum,  is  expanded 
in  a  nozzle  before  reaching  the  disk,  and  reaches  the  buckets  of 
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the  disk  fully  expanded,  and  hence  moving  at  a  very  high  velociiy 
which  the  inventor  chtims  is  3000  feet  per  second  for  steam  at 
85  Ibe.  per  square  inch,  exhausting  into  the  air,  and  3700  feet 
exhausting  into  vacuum.  The  nozzle  makes  a  very  slight  angle 
with  the  plane  of  the  disk.  The  admission  of  steam  is  controlled 
by  a  centrifugal  throttling  governor.  The  number  of  revolutiona 
of  the  disk  per  minute  varies  from  about  30,000  to  15,000  in 
sizes  from  5  to  50  horse  power.  The  buckets  are  milled  out  of  a 
solid  disk  of  steel  just  inside  of  the  periphery,  so  as  to  leave  a 
solid  band  on  the  circumference.  The  edges  of  the  buckets  are 
quite  sharp.  The  disk  in  the  case  of  a  50-horse  power  turbine  i& 
about  i  in.  thick.  This  disk  is  mounted  on  a  small  steel  flexible 
shaft  at  a  point  about  ^  from  one  end.  At  the  high  speeds  in 
question,  a  body  tends  to  revolve  about  an  axis  through  the  center 
of  gravity,  and  since  it  is  impracticable  to  make  the  center  of 
gravity  absolutely  coincident  with  a  straight  line  joining  the  bear- 
ings, Mr.. Laval  has  used  a  flexible  shaft  so  that  the  disk  is  free 
to  assume  such  a  position  as  to  revolve  practically  around  an  axis, 
through  the  center  of  gravity,  and  consequently  the  disk  revolves 
with  perfect  smoothness  and  without  any  trouble  at  the  bearings 
at  these  enormous  speeds. 

No  successful  way  has  been  perfected  as  yet  for  operating  a 
dynamo  directly  at  these  speeds,  and  so  Mr.  Laval  gears  from  hi& 
turbine  shaft  to  two  dynamo  shafts,  one  on  each  side  of  the  tur- 
bine shaft,  by  means  of  double  helical  gears  beautifully  cut,, 
which  reduce  10  to  1,  and  upon  these  two  driven  shafts  are  placed 
the  dynamo  armatures,  two  driven  shafts  being  used  so  as  to- 
balance  the  side  thrust  on  the  bearing  of  the  turbine  shaft.  The 
Laval  people  claim  as  high  efliciency  as  that  of  any  steam  engine 
of  the  same  horse-power,  and  there  seems  no  good  reason  ta 
doubt  their  ability  to  secure  such  an  efficiency  which  they  guar- 
antee fully  and  specifically. 

A  careful  test  made  at  Stockholm  in  1893,  showed  an  efficiency 
of  20  pounds  of  water  per  horse-power  hour  with  steam  at  113 
pounds  initial  pressure  and  used  condensing.  The  weight  of 
this  turbine  is  about  30  pounds  per  horse-power  in  a  size  of  about 
30  horse-power. 

The  simplicity  of  this  steam  engine,  also  its  theory  and  practi- 
cal design  in  detail  are  most  beautiful,  and  it  seems  likely  to  be- 
come an  important  factor  in  the  electrical  field.  What  is  needed 
is  a  generator  of  electricity  directly  driven  by,  or  preferably  con- 
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stitating  a  part  of,  the  revolving  disk,  and  here  is  food  for  con- 
siderable thought. 

Five- Wire  System. 

At  Manchester  I  saw  the  five-wire  plant  designed  by  JDr. 
Hopkinson  and  recently  installed.  I  inspected  the  central  station 
for  a  few  minutes  only,  as  an  fortunately  those  most  familiar  with 
the  principal  features  of  the  system  were  absent  at  the  time  of 
my  visit.  The  dynamos  were  bipolar  machines  driven  from  ver- 
tical engines  by  means  of  link  belts  with  idlers.  I  cannot  say 
that  I  was  favorably  impressed  with  the  generating  plans  or  dis- 
tribution system,  as  far  as  I  could  judge  of  them  in  such  a  brief 
observation. 

Liverpool  Electric  Railway. 

At  Liverpool  I  investigated  the  overhead  electric  railway* 
The  overhead  structure,  the  motors,  methods  of  collecting  the 
enrrent,  etc.,'were  exceedingly  well  designed  and  constructed,  and 
gave  evidence  of  good  working.  The  central  station  apparatus 
and  design  was  not,  however,  up  to  the  standard  of  work  here  in 
recent  electric  railways. 

The  series  parallel  control  is  used,  but  no  rheostat,  the  designer 
seeming  to  realize  that  it  might  just  as  well  be  left  out,  and  the 
equivalent  resistance  secured  in  the  windings  of  the  motors 
themselves,  with  less  apparatus  and  no  appreciable  difference  in 
economy  or  control. 

English  Central  Stations. 

In  London  I  visited  several  central  stations  of  which  I  wil) 
mention  two.  The  first  is  that  of  the  Metropolitan  Electrical 
Supply  Co.  This  company  has  an  enormous  area  allotted  to  it. 
I  will  explain  right  here,  that  both  in  London  and  Paris  the  author- 
ities follow  the  plan  of  granting  to  several  different  central  station 
companies — supply  companies  as  they  term  them — the  exclusive 
right  to  a  certain  section  of  the  city.  No  such  company  can  run 
into  any  other  company's  section.  At  the  central  station  of  the 
Metropolitan  company,  I  found  four  Parsons  steam  turbine  units 
of  350  K.w.  each,  running  at  3,000  revolutions  per  minute.  These 
steam  turbines  had  been  in  operation  only  a  short  time  when  I  saw 
them,  and  had  been  installed  for  the  reason  that  the  central  station 
liad  been  enjoined  by  the  courts  from  operating  the  reciprocating 
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•engines  formerly  in  use  because  of  the  vibration  they  caused. 
I  was  informed  that  the  vibration  was  particularly  troublesome 
and  difficult  to  overcome,  because  the  central  station  was  built 
upon  made  land,  above  the  bed  of  a  former  river  and  that  the 
ground  was  boggy  and  transmitted  any  vibration  in  the  most  sur- 
prising manner.  I  inquired  as  to  the  working  of  the  steam  tur- 
bines and  was  informed  that  they  were  not  able  to  detect  any 
difference  in  their  coal  consumption  compared  with  the  compound 
<5ondensing  reciprocating  engines  formerly  in  use.  I  found  that 
an  accident  had  happened  to  one  of  the  steam  turbines  by  which 
it  had  lost  all  of  the  blades  in  one  of  the  three  chambers,  which 
reduced  its  capacity  and  efficiency  considerably,  but  did  not  put  it 
out  of  service  entirely. 

The  other  London  central  station  I  shall  refer  to,  is  that  of 
the  City  of  London  Company.  This  company  supplies  the  heart 
of  London,  that  is  the  old  "  City  of  London,"  which  is  without 
doubt  the  best  central  station  territory  in  the  world,  on  account 
of  the  wealthy  nature  of  the  customers,  the  substantial  character 
of  the  buildings,  and  especially  because  of  the  peculiarly  dismal 
foggy  weather  in  London.  While  I  was  there,  artificial  light 
was  required  almost  as  much  by  day  as  by  night.  This  central 
station  is  beautifully  located  on  the  south  bank  of  the  Thames, 
near  the  center  of  lighting,  and  is  a  fine  example  of  the  best  that 
can  be  done  to-day  with  the  alternating  system  under  such  con- 
ditions. I  do  not  believe  it  would  be  possible  to  find  less  excuse 
for  the  use  of  the  alternating  system  than  in  this  station,  and  yet 
I  expect  it  will  pay,  for  it  can  hardly  fail  to  earn  money  under 
such  extraordinarily  favorable  conditions  for  lighting. 

But  I  need  hardly  say  that  they  have  no  motors  except  toys, 
and  but  few  of  them  ;  and  when  I  remember  that  in  Chicago  40 
per  cent,  of  the  connecting  load  is  motors  and  that  this  percen- 
tage is  rising  all  the  time,  it  seems  evident  that  the  City  of  Lon- 
don Co.,  is  terribly  handicapped  by  the  use  of  the  alternating 
current.  However,  they  have  a  2,()00-volt  three-wire  secondary, 
and  oi)erate  the  dynamos  all  on  multiple-arc  which  is  certainly 
using  the  alternating  current  to. the  best  advantage.  Aside  from 
the  use  of  the  alternating  current  under  these  conditions,  it  is 
difficult  to  say  anything  in  criticism  of  the  central  station. 

The  plant  is  arranged  on  the  panel  system,  which  Mr.  Mordey 
says  originated  with  him,  and  which  is  thoroughly  carried  out  in 
this  station,  for  each  panel  or  section  across  the  building  com- 
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prises  an  independent  unit  including  a  boiler,  engine,  dynamo^ 
and  switchboard  for  500  k.w.  The  engines  are  vertical  and 
direct-coupled  to  the  Mordey  alternators.  The  switchboards  are 
entirely  novel  in  design,  being  cast-iron  pyramids  about  ten  feet 
high,  standing  clear  from  the  wall  and  having  all  of  the  conduc- 
tors inside,  with  the  instruments,  etc.,  mounted  on  the  front  face. 
While  very  finely  finished  and  ornamental,  I  could  not  but  think 
that  the  vital  parts  would  be  more  diflSicult  to  inspect  and  repair 
in  case  of  emergency,  than  in  our  recent  switchboard  practice. 

One  detail  of  electrical  construction  in  which  the  foreign 
practice  seems  very  backward  is  the  rheostats.  In  this  magnifi- 
cent station  in  the  City  of  London,  for  instance,  and  in  many 
other  places  I  saw  rheostats  made  by  winding  german  silver 
wire  on  a  slab  of  slate,  which  was  then  mounted  on  insulators 
horizontally  on  a  table,  and  a  slider  arranged  to  move  over  the 
surface  of  the  resistance  wire  itself,  which  was  thoroughly 
exposed. 

Another  detail  in  which  we  are  certainly  in  advance  of  foreign 
practice  is  our  instrument  work,  for  which  we  must  thank  Mr. 
Weston  solely.  I  saw  many  fine  instruments  while  abroad,  but 
they  seemed  to  be  more  suited  for  a  physical  laboratory  than  a 
central  station,  the  substantial,  compact,  permanent  features  of 
the  Weston  instrument,  with  its  readable  scale  and  dead  beat 
index  were  conspicuous  to  me  by  their  absence. 

French  Central  Stations. 

In  France  the  most  interesting  central  station  I  saw  was  in 
Paris  where  I  visited  a  sub-station  designed  for  a  capacity  of 
30,000  lights.  The  sub-station  was  supplied  from  a  distant  cen- 
tral station  by  means  of  a  constant  current  of  250  amperes,  all 
devices  on  this  current  being  in  series  and  the  total  e.  m.  f. 
running  as  high  as  6,000  volts  at  times. 

In  the  sub-station  were  rotary  transformers,  the  primary  ends 
of  which  were  series  wound  motors  and  ail  being  in  series.  The 
secondaries  of  these  rotary  transformers  as  generators,  fed  a  five- 
wire  system  of  conductors,  and  in  multiple-arc  with  these  genera- 
tors across  the  five-wire  system,  was  a  bank  of  storage  batteries. 
The  lamps  used  were  110  volts;  some  of  the  rotary  transformers 
had  110- volt  secondaries,  four  of  such  secondaries  being  in  series 
so  as  to  make  the  five-wire  system  complete  independently  of 
the  batteries.     Other  of  the  rotary  transformers  had  440-volt 
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secondaries  and  fed  the  outside  conductors  only.  On  each  rotary 
transformer  was  a  rheostat  which  was  in  multiple  with  the  series 
wound  field  and  which  by  a  step-by-step  movement  similar  to 
that  of  the  old  U.  S.  automatic  regulator,  controlled  the  strength 
of  the  series  field  so  as  to  keep  the  e.  m.  f.  in  the  secondary,  con- 
stant ;  the  controlling  magnet  of  the  automatic  being  across  the 
secondary  of  constant  e.  m.  f. 

The  storage  battery  plant  was  well  designed  and  seemed  to  be 
in  good  order.  It  was  as  clumsy  and  seemed  as  full  of  trouble- 
some possibilities  as  those  we  have  on  this  side  of  the  water.  It 
had  capacity  for  8.000  10  c.  p.  lamps  for  three  hours  and  cost 
about  $30,*000,  weighed  about  400,000  pounds  and  occupied  a 
space  about  32  x  50  feet.  This  cost  means  about  $107  per  k.w. 
of  output  which  seems  a  pretty  high  price  to  pay  for  a  plant  to 
generate  electrical  energy  to-day,  especially  when  it  probably  has 
an  efficiency  at  three  hours'  discharge  not  above  60  per  cent. 
Such  a  storage  battery  must  be  compared  in  cost  with  the  cost  of 
boilers,  engines  and  dynamos  per  kilowatt,  which  would  cost  per- 
haps $50  per  kilowatt,  and  whose  eflBciency  would  be  100  per 
cent,  as  compared  with  the  60  per  cent,  efficiency  of  the  storage 
battery,  since  the  storage  battery  must  derive  its  energy  from  a 
steam  plant  first.  The  craze  for  storage  batteries  as  the  universal 
panacea  for  electrical  troubles  which  we  have  all  read  so  much 
about  in  connection  with  European  practice,  seems  to  be  on  the 
wane,  if  I  may  judge  from  the  statements  of  the  engineers, 
rather  than  the  storage  battery  manufacturers,  but  when  we  re- 
member that  in  France  and  England  they  do  not  know  what  a 
healthy  motor  load  means,  we  need  not  be  surprised  at  the  claims 
of  inefficiency  for  stations  which  do  not  use  batteries,  and 
hence  run  their  boiler,  engine,  and  dynamo  for  most  of  the  24 
hours  practically  without  load. 

Importance  of  the  Load  Factor  in  Central  Stations. 

All  central  station  people  have  known  for  years  that  the  most 
profitable  consumers  were  those  who  used  tbeir  lamps  for  the 
greatest  number  of  hours. 

In  other  words,  that  the  net  profit  due  to  a  consumer  was 
largely  dependent  upon  the  relation  between  his  average  load 
and  his  maximum  load,  which  Mr.  Crompton  in  England  has 
aptly  called  the  "  load  factor."  Yet,  while  appreciating  this  fact, 
central  station  companies  make  their  rates  dependent  upon  the 
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kilowatt  hours  used,  and  independent  of  the  raaximura  kilowatts 
used. 

Mr.  Arthur  Wright  at  Brighton  in  England,  deserves  the 
credit,  as  far  as  I  know,  for  having  lirst  given  commercial  recog- 
nition to  this  load  factor  of  the  consumer.  Mr.  Wright  sup- 
plies each  consumer  not  only  with  a  meter  which  registers  the 
kilowatt  hours  used,  but  also  a  secjnd  meter  of  simple  construc- 
tion which  registers  the  maximum  kilowatts  used  at  any  time 
during  the  month,  and  the  discount  which  the  consumer  gets  is 
very  largely  due  to  the  relation  between  his  average  and  his 
maximum  kilowatts. 

Suppose  that  there  are  two  customers  connected  to  a  central 
station  and  that  the  monthly  readings  show  that  each  has  used 
900  kilowatt  houre.  By  the  usual  practice  in  this  country  the 
bill  would  be  the  same,  yet  one  bill  may  be  due  to  the  use  of 
one  and  one-quarter  kilowatts  for  24  hours  per  day,  and  for  30 
days  per  month,  and  the  second  bill  may  be  due  to  the  use  of  30 
kilowatts,  an  average  of  one  hour  per  day  for  30  days  per  month. 
That  is,  the  first  bill  may  be  due  to  a  steady  load,  such  as  a  few 
lamps  in  a  basement  of  a  hotel  or  a  ventilating  fan,  while  the 
second  bill  may  be  due  to  a  larger  load  of  lamps  used  only  oc- 
casionally, as  in  an  oflSce  building  or  an  electric  elevator  requir- 
ing 30  K.w.  for  a  few  seconds  to  start  it  up,  and  after  starting 
requiring  only  15  k.w. 

With  the  same  900  k.w.  hours  per  month  for  the  two  cases, 
the  central  station  company  should  charge  at  least  five  times  as 
much  for  the  case  having  the  elevator  and  small  load  factor,  as  in 
the  other  case. 

It  is  a  fact  not  generally  appreciated  that  in  any  central  sta- 
tion the  cost  of  producing  a  kilowatt  hour  can  be  divided  into 
two  portions,  one  of  which,  such  as  interest  on  cost,  depreciation, 
salaries,  a  small  part  of  the  labor  and  coal,  vary  with  the  kilo- 
watt capacity  of  the  plant,  that  is  proportionately  to  the  maxi- 
mum load,  and  are  independent  of  the  number  of  kilowatt 
hours  produced,  and  the  other  portion  of  the  cost  of  producing 
1  K.w.  hour  represented  by  the  larger  portion  of  the  coal,  labor, 
water,  etc.,  is  dependent  upon  the  number  of  kilowatt  hours 
produced,  and  is  independent  of  the  maximum  load. 

The  fact  about  this  matter  which  is  least  appreciated  is,  that 
the  portion  of  the  total  cost  of  1  k.w.  hour  produced,  which 
'depends  upon  the  maximum  load,  is  about  two-thirds  of   the 
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total  cost,  and  the  part  dependent  upon  the  output  is  only  about 
one-third. 

In  a  modern  central  station  1  k.w.  of  its  capacity  represents 
about  $300  invested.  Consider  the  two  consumers  cited  above^ 
Both  loads  are  in  use  at  the  time  of  maximum  daily  load.  For 
the  elevator,  the  central  station  has  to  provide  an  investment  of 
$9,000,  for  the  ventilating  fan.  $375.  Assuming  interest,  depre- 
ciation and  similar  charges,  at  10  per  cent,  we  have  $900  to 
deduct  from  our  gross  earnings  in  the  elevator  case,  before  we 
reach  net  profits,  and  $37.50  in  the  other  case. 

Suppose  we  get  10  cents  per  kilowatt  hour  in  each  case,  and 
that  the  cost  of  production  independent  of  general  expenses,  in- 
terest depreciation,  etc.,  is  50  per  cent,  of  the  gross  receipts,  etc 

This  would  mean  that  if.  we  get  10  cents  for  each  kilowatt 
hour  in  both  cases,  our  gross  revenue  would  be  $90  per  month 
in  each  case,  and  our  gross  profit  $45.00  per  month,  or  $540  per 
year  in  each  case.  But  in  the  elevator  case  we  have  interest  and 
depreciation  charges  of  $900  a  year,  and  hence  have  actually  lost 
considerable  money  in  supplying  this  customer,  while  in  the  other 
case  we  have  made  a  net  profit  of  over  $500  per  annum. 

We  would  have  to  charge  more  than  ten  times  the  rate  per 
kilowatt  hour  to  the  elevator,  that  we  charge  to  the  ventilating 
fan  to  make  the  same  net  profit  on  $1.00  of  capital  invested. 

This  load  factor  is  a  most  vital  question,  and  it  is  the  difference 
in  load  factors  in  English  and  American  central  stations  which 
makes  storage  batteries  commercially  possible  there,  and  impossi- 
ble here. 

The  average  load  factor  of  an  English  central  station  is  less 
tlian  15  percent.,  and  even  in  London  in  December  it  is  only  33  per 
cent.,  while  in  most  American  cities  the  load  factor  which  aver- 
ages 40  per  cent,  will  in  December  in  many  cases  be  above  50 
per  cent. 

This  difference  is  due  almost  wholly  to  our  motor  load,  which 
is  an  almost  unknown  quantity  abroad.  With  a  15  per  cent, 
load  factor  a  storage  battery  may  pay,  but  not  with  a  load  factor 
of  40  per  cent.,  especially  when  the  load  factor  in  our  cen- 
tral stations  is  rising  each  year. 

If  central  station  companies  would  offer  such  a  discount  due 
to  load  factor  as  to  warrant  an  individual  customer  in  instal- 
ling at  his  own  expense  a  storage  plant  which  he  would  charge  at 
the  minimum  rate  per  kilowatt  hour  by  a  steady  current  for 
twenty-four  hours  per  day,  and  then  used  this  stored  energy  to 
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supply  his  periodical  demands  for  an  occasionally  very  large  rate 
of  energy,  I  believe  it  is  possible  that  the  central  station  com- 
panies, the  storage  battery  companies  and  the  consumers  might 
all  derive  a  profit  from  the  arrangement.  I  have  no  doubt  that 
a  central  station  company  could  afford  to  make  a  rate  of  four 
cents  per  kilowatt  hour  for  a  continuous  service  night  and  day, 
and  make  a  satisfactory  profit,  while  it  would  surely  lose  money 
in  supplying  an  elevator,  such  as  described  above,  even  at  fifteen 
cents  per  kilowatt  hour, 

I  believe  that  the  following  schedule  of  rates  fairly  represents 
the  charges  per  kilowatt  hour  that  should  be  made  to  customers 
of  various  load  factors. 


Load  Factor. 

Rale  per  kw.  hour 
in  cents. 

Resaltant  grots  in- 
come per  annum  per 
KW.  of  plant. 

5 

30 

$x3X.4o 

xo 

ao 

X  75.20 

«5 

16 

9 10. 24 
227.76 

90 

«3 

«5 

30 

ii.a  . 
to 

X.12 

35 

% 

28X.07 

40 

297.84 

t 

7 

306.60 

6 

3«5.36 

90 

4.4 

W> 

100 

4 

350.40 

It  must  be  noticed  that  this  argument  would  lose  most  of 
its  force  if  the  maximum  load  of  the  consumer  did  not  occur  at 
the  time  of  day  when  the  maximum  load  was  upon  the  central 
station ;  but  in  elevators,  and  similar  loads  which  call  for  their 
maximum  load  in  starting  up  every  few  seconds,  the  maximum 
loads  will  not  only  occur  together  occasionally,  but  this  will 
sometimes  occur  at  the  time  of  maximum  load  on  the  central 
station,  and  when  this  accumulated  load  is  put  upon  the  central 
station,  the  kilowatts  must  be  there  to  meet  the  demand. 

Electric  Heating. 

I  saw  evidences  of  a  very  healthy  demand  for  electrically 
heated  devices  while  abroad.  In  London  the  principal  central 
station  company  is  running  at  its  own  expense  a  show  room  for 
the  education  of  the  public  in  this  line,  and  several  manufacturers 
of  electric  heaters  told  me  the  demand  was  very  satisfactory,  and 
promised  a  good  future. 
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The  Heilmann  Locomotive. 

In  France  I  examined  what  I  considered  the  most  important 
electrical  engineering  development  of  all  that  I  saw.  It  was  the 
Heilmann  electric  locomotive.  Having  been  for  some  years  past 
a  linn  believer  in  the  merit  of  this  machine,  and  having  been  in 
correspondence  with  Mr.  Brown,  Mr.  Heilmann's  electrical  en- 
gineer, as  to  an  invention  of  mine  used  in  this  locomotive  for 
the  first  time  on  a  large  scale,  I  was  especially  interested  in  it,  and 
my  hearers  will  please  discount  as  they  may  think  necessarj-  my 
description  of  the  advantages  of  a  locomotive  using  my  system 
of  control. 

The  locomotive  I  saw  was  the  first  one  built,  and  was  not  in 
service  when  I  was  there.  It  had  run  2200  miles  commercially, 
however,  and  as  a  result  of  the  performance  of  this  first  loco- 
motive which  was  600  h.  p.,  there  are  now  building  two  locomo- 
tives of  1500  H.  p.  each,  which  it  is  expected  will  go  into  commer- 
cial service  about  June  next. 

This  electric  locomotive  cairies  its  own  central  station  with  it. 
It  is  really  a  complete  central  station  on  wheels,  with  its  power 
used  for  propelling  itself.  Speaking  from  memory,  I  should  say 
the  length  over  all  was  about  50  feet.  The  locomotive  is  mounted 
upon  two  bogies  each  having  four  axles,  so  that  the  weight  of 
the  locomotive  is  borne  by  16  wheels,  each  of  which  is  about  45 
inches  in  diameter.  A  platform  made  of  heavy  iron  girders 
runs  the  whole  length  of  the  locomotive,  and  is  supported  upon 
two  pivots  one  at  the  center  of  each  bogie.  Upon  this  platfonn 
is  mounted  the  coal,  water,  boiler,  engine,  dynamo,  etc.,  so  that 
it  will  be  noticed  every  pound  of  material  is  used  upon  the 
drivers  and  therefore  becomes  effective  for  tractive  purposes. 

The  entire  weight  of  the  locomotive  is  114  long  tons ;  that  is, 
about  15,500  pounds  per  driving  wheel,  which  is  about  the  same 
as  our  standard  practice  in  this  country.  With  a  tractive  coeifi- 
cient  of  .2  this  means  a  drawbar  pull  of  50,000  pounds  and  as- 
suming friction  at  six  pounds  per  ton,  we  find  that  50,000  draw- 
bar pull  would  enable  us  to  pull  1900  tons  on  a  one  per  cent, 
grade  at  a  low  speed,  say  15  miles  per  hour,  and  would  give  us 
ample  drawbar  pull  for  handling  a  200-ton  train  at  any  speed 
thus  far  seriously  discussed. 

Most  engineers  who  have  heard  of  the  Heilmann  locomotive 
have  derisively  dismissed  it  from  their  minds  as  a  ridiculous 
monstrosity  of  a  crazy  Frenchman,  but  I  have  for  some  time 
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believed,  and  am  now  convinced,  that  you  will  in  the  immediate 
future  be  bound  to  give  this  machine  the  most  respectful  consid- 
eration. I  find  that  the  impression  prevails  generally,  that  the 
modern  steam  locomotive  is  really  a  very  perfect  and  eflScient 
machine.  This  I  think  is  far  from  being  true.  The  eflSiciency 
of  a  boiler  depends  largely  upon  how  perfect  the  combustion  is, 
and  with  forced  draft  we  can  realize  an  eflSciency  of  80  per  cent, 
with  very  perfectly  designed  boilers,  provided  we  do  not  attempt 
to  bum  more  than  about  40  pounds  of  coal  per  square  foot  of 
grate  surface  per  hour.  But  the  maximum  duty  of  boilers  in 
locomotive  practice  such  as  for  the  highest  speed  service,  in- 
volves the  use  of  nearly  200  pounds  of  coal  per  square  foot  of 
grate  surface,  and  I  need  hardly  say  that  forcing  the  boiler  in 
this  way  results  in  a  terrible  ineflSiciency.  To  produce  an  indi- 
cated horse-power  in  a  steam  locomotive  at  highest  speeds  to-day 
probably  requires  at  least  twice  as  much  coal  as  is  required  in 
first-class  stationary  or  marine  boilers.  This  is  the  first  place 
where  Mr.  Heilmann  is  able  to  show  an  economy ;  he  is  able  to 
carry  a  larger  boiler,  and  hence  does  not  have  to  crowd  it  to 
such  a  wasteful  point. 

But  regardless  of  an  abundant  supply  of  steam  from  the 
boiler  we  fiind  ourselves  greatly  limited  in  power  for  steam  loco- 
motive practice  at  high  speed,  because  of  the  wire-drawing  of 
the  steam,  and  difliculty  of  properly  exhausting  when  we  run 
our  locomotive  at  its  highest  speed.  The  maximum  drawbar 
pull  obtainable  when  running  at  the  highest  speed,  is  only  about 
half  that  obtainable  at  slow  speed,  no  matter  how  much  steam 
we  have  at  command,  or  at  what  cut-off  we  work.  Heilmann 
avoids  this  diflSculty  as  we  shall  see  presently. 

Another  matter  of  most  serious  importance  is  the  tremendously 
destructive  effect  upon  the  roadbed  and  upon  the  locomotive  itseli, 
of  the  unbalanced  vertical  component  of  the  motion  of  the  counter- 
balance weight  of  the  steam  locomotive,  and  also  the  shouldering 
effect  of  the  locomotive  tending  to  spread  the  rails.    Probably 
at  least  one-third  of  the  cost  of  maintenance  of  the  roadbed  an 
the  locomotive  for  high-speed  service  could  be  traced  directly 
this  destructive  "  hammer  blow  "  and  side  thrust.     Both  of  y^^^^ 
effects  which  become  very  troublesome  as  we  go  to  the  nig 
speeds,  are  entirely  absent  in  the  electric  locomotive.  ^ 

Having  now  pointed  out  the  weaknesses  of  the  steam   oc 
tive  which  develop  most  forcibly  as  we  increase  in  speed,      wi 
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describe  the  construction  of  the  Heilniann  locomotive  and  point 
out  how  those  difficulties  are  obviated  by  the  electric  locomotive. 

The  steam  engine  is  compound,  well-balanced,  and  directly 
coupled  on  its  skaft  is  the  electric  generator.  A  four-pole  single 
reduction  motor  of  the  ironclad  type  is  geared  to  each  of  the 
eight  axles,  and  the  motors  which  are  series  wound  are  in  multiple 
with  each  other  across  the  brushes  of  the  generator  armature. 
As  the  motor  field  must  have  a  fair  degree  of  saturation  to  pre- 
vent sparking  when  the  locomotive  is  running  light  and  pulling 
no  train,  it  will  be  evident  that  under  all  operating  conditions, 
the  motor  fields  are  constant,  and  fully  saturated,  which  makes 
them  entirely  sparkless.  The  field  of  the  generator  is  separately 
excited  by  means  of  a  small  auxiliary  engine  and  constant  poten- 
tial dynamo,  which  also  supplies  the  electric  lights  needed.  The 
main  engine  has  a  fixed  cut-off  at  the  most  economical  point,  say 
one-quarter  stroke  and  its  speed  is  adjusted  by  the  throttle. 

The  engine  in  practice  is  varied  in  sp^ed  from  perhaps  50  to 
500  revolutions,  and  the  strength  of  the  generator  field  from 
zero  to  its  maximum  strength.  It  will  be  noticed  that  all  the 
steam  is  used  expansively  at  a  fixed  cut-ofF,and  Mr.  Heilmann  lays 
great  stress  on  this,  although  I  myself  would  prefer  an  automatic 
engine  running  at  a  constant  speed,  and  I  believe  that  he  would, 
if  he  could  get  as  good  ones  abroad  as  we  can  in  this  country. 
For  starting,  an  almost  unlimited  torque  is  secured  by  gradu- 
ally increasing  the  generator  field  strength  and  speed,  which 
sends  a  current  through  the  motors,  rising  smoothly  from 
zero  to  that  current  sufficient  to  start  the  motor  armature.  If 
we  leave  the  field  controller  and  throttle  in  this  initial  posi- 
tion, our  train  will  start  smoothly,  and  will  continue  to  move 
slowly,  using  the  full  current,  but  producing  the  current  with 
about  50  volts  or  one-tenth  of  the  full  voltage,  and  we  will  be 
producing  this  power,  about  one-tenth  of  that  required  at  full 
speed,  by  a  steam  engine  using  steam  expansively  instead  of,  as 
in  the  steam  locomotive,  full  stroke.  But  of  course  we  desire 
to  accelerate  the  train  rapidly,  so  we  keep  on  manipulating  the 
field  controller  and  throttle,  until  we  finally  have  the  engine 
dri\ang  the  generator  at  full  speed  in  a  field  of  full  strength, 
which  will  of  course  represent  the  full  po^er  of  the  locomotive. 
"When  we  reach  a  grade  requiring  three  times  the  torque  re- 
quired on  the  level,  we  weaken  the  field  to  one-third  of  its  full 
strength.     "We  will  then  move  up  the  grade  at  about  one-third 
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of  the  ftpeed  on'tlie  level  while  using  the  same  power  as  was  re- 
quired on  the  level. 

It  will  be  noticed  that  under  the  electrical  arrangement  on 
this  locomotive,  the  electric  energy  is  used  in  such  a  manner  that 
its  voltage  is  varied  in  proportion  to  the  speed  desired,  and  the 
amperes  are  in  proportion  to  the  torque  required,  so  that  the 
electrical  energy  produced  is  utilized  in  the  most  efficient  manner 
possible. 

Since  this  method  of  control  of  mine  has  been  repeatedly 
criticized  before  this  iNSTnuTE  on  the  score  that  a  generator  of  such 
size  and  type  when  used  as  described  would  spark  disastrously,  I 
beg  leave  to  say  that  I  scrutinized  most  carefully  the  commutator 
of  the  generator  which  had  supplied  the  current  during  the  lo- 
comotive's 2200  miles  service,  and  I  never  saw  a  commutator 
and  brushes- in  more  perfect  condition,  and  the  engineer  assured 
me  that  under  no  circumstances  had   there  been  any  sparking 
whatever.     I  regret  that  my  method  of  control  does  not  fit  the 
generally  accepted  self-induction  theory  of   sparking,  but  am 
forced  to  conclude  that  as  something  is  evidently  wrong,  it  must 
be  the  theory  which  fails  to  agree  v^dth  the  facts! 

An  electric  locomotive  of  this  kind  would  probably  cost  for 
the  first  few  about  $30,000,  each  being  equipped  with  a  1500- 
horse-power  boiler  of  our  best  marine  type,  and  one  of  our  best 
automatic    cut-off    compound    engines     directly    coupled    to   a 
modem  multipolar  generator.     I  1>elieve   that  a  locomotive  of 
this  type  could  be  built  which  would  be  able  to  pull  50  per  cent, 
more  weight  than  any  of  the  present  steam  locomotives,  and  that 
it  could  pull  the  same  weight  at  50  per  cent,  higher  speed.     I 
think  this  type  of  electric  locomotive    is  the  stepping  stone  be- 
tween the  steam  locomotive  and  the  electric  locomotive  operated 
from  a  distant  central  station. 

To  properly  try  the   experiment    of    operating  a  high  speed 
locomotive  of  1500-horse-power  from  a  central  station  would  nn- 
donbtedly  cost  nearly  a  million  dollars.     To  try  it  with  a  loco- 
motive of  the  Heilmann  type  woald  cost  not  more  than  $50,000 
and  if  it  proved  successful,  it  is  not   much  of  a  step  to  replace 
the  boiler  and  constant  speed  steam  engine  with  the  moving  con^ 
tact  and  constant  speed  electric  motor  for  driving  the  generatoi^ 
already  tested  and  proven  satisfactory. 
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Discussion. 

Mr.  Townsend  Wolcott  : — I  would  like  to  ask  Mr.  Leonard 
if  he  can  account  for  the  difference  in  the  efficiency  of  the 
Parsons  and  the  Laval  turbines.  There  seems  to  be,  according 
to  the  figures  given  in  the  paper,  a  great  deal  of  difference  in 
favor  of  the  Parsons.  I  was  not  aware  that  there  was  any  such 
difference.  In  fact,  I  thought  that  if  there  was  any  difference, 
the  Laval  was  rather  the  better  so  far  as  coal  consumption  per 
horse  power  was  concerned. 

Mr.  Leonard  : — I  do  not  think  there  is  any  difference,  and  if 
there  is  a  difference  I  am  inclined  to  think,  also,  tliat  it  is  in 
favor  of  the  Laval.  The  tests  made  by  Professors  Kennedy  and 
Ewing  were  upon  larger  sized  units  than  the  ones  in  the  case  of 
the  lAval.  I  fancy  that  it  may  be  that  the  smaller  size  was  in- 
fluential. 

Another  point  which  may  perhaps  be  a  little  confusing  is  this: 
that  the  consumption  of  steam  quoted  for  the  Laval  steam  tur- 
bine of  20  pounds  of  water  per  horse  power  hour,  is  per  liorse 
power  actually  delivered,  as  vou  may  say,  in  the  generator  arma- 
ture. In  other  words,  the  friction  of  the  bearing  and  the  loss 
in  the  gearing  is  eliminated,  and  it  is  a  horse  power  actually  de- 
livered, available  in  producing  electric  energ}- — of  course,  the 
efficiency  of  the  armature  is  one  thing  left  to  consider — whereas 
the  figures  I  quoted  for  indicated  horse  power  are,  of  course,  at 
the  beginning,  before  any  of  the  friction  is  eliminated. 

Mr.  John  W.  Lieb,  Jr.: — The  author  of  this  interesting 
paper  informs  us  in  the  first  few  lines  that  his  observations  were 
made  during  a  trip  through  England  and  France.  Later  on  we 
find  that  in  making  a  comparison  with  central  station  practice  in 
this  country,  he  has  drawn  his  conclusions  so  as  to  cover  in  liis 
comparison  not  only  England  and  France,  but  the  whole  world, 
and  in  this  generalization  he  has,  I  think,  fallen  into  an  error 
which  should  not  pass  unol^served.  While  there  are  no  doubt 
many  excellent  central  stations  in  England  and  France,  it  is 
generally  admitted,  1  believe,  that  the  oest  types  of  both  the 
low-tension  three-wire  and  the  alternating  current  systems  of 
distribution,  are  not  to  be  found  in  the  countries  visited  by  Mr. 
Leonard.  The  claims  of  preeminence  for  American  stations  of 
these  types,  which  the  autnor  has  advanced,  can  be  shown  to  be 
not  well  founded  if  the  comparison  is  extended,  as  it  should  be, 
so  as  to  include  other  European  countries  where  central  station 
construction  has  been  less  hampered  by  local  legislation.  I 
would  therefore  call  attention  to  several  stations  m  European 
countries  not  visited  by  the  author,  which,  had  he  found  it  pos- 
sible to  visit  them,  would  have  won  his  admiration  and  made  his 
comparisons  more  just  to  European  central  station  practice. 

I  would  in  the  first  place  cite  as  types  of  the  three-wire  low- 
tension  central  stations  which  the  author  did  not  visit,  the  cen- 
tral stations  at  Berlin.     The  Berlin  stations  have  a  combined 
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output  inferior  only  to  two  or  three  stations  in  America.  They 
supply  with  current  a  connected  installation  equivalent  to  about 
95,000  amperes.  The  equipment  of  these  stations — boilers, 
steam  piping,  engines,  dynamos  and  electrical  apparatus — would 
certainly  not  suner  by  comparison  with  any  of  our  best  equipped 
and  most  recently  constructed  American  stations.  I  am  not  in  a 
position  to  quote  any  figures  as  to  the  economy  of  operation  of 
the  Berlin  stations,  liaving  seen  only  one  figure  given  as  to  the 
^onomy  of  generating.  It  is  claimed  that  on  the  average 
throughout  the  year,  220  watts  are  delivered  to  the  customers' 
premises  per  pound  of  coal,  which  is  certainly  an  excellent 
economic  performance.  Although  Mr.  Leonard  did  not  visit 
either  the  Diisseldorf  or  Hanover  stations,  both  of  these  should 
have  been  included  in  such  a  comparison  as  he  has  made.  In 
the  case  of  the  Hanover  station,  it  is  claimed  that  on  an  average 
during  1893,  220  watts  were  generated,  and  180  watts  delivered 
to  the  customer  per  pound  of  coal ;  Duseeldorf  during  the  same 
period  averaging  140  watts  deUvered  per  pound  of  coal. 
Neither  of  these  stations  would  suffer  by  comparison  with  our 
best  types  of  American  low-tension  stations.  From  the  table 
compiled  by  the  National  Electric  Light  Association,  including 
a  number  ox  American  stations,  it  appears  that  the  best  24  hours 
record  covered  by  the  table,  gave  208  watts  generated  per  pound 
of  coal. 

Coming  to  the  alternate  current  stations  which  are  included  in 
the  comparison,  the  author  refers  to  conversion  from  1,000  to 
50  volts.  As  a  matter  of  fact  there  are  very  few  stations  in 
England,  France,  or  m  Europe  generally,  transforming  from  1,000 
to  50  volts.  The  European  standard  for  alternate  current  sta- 
tions being  2,000  to  2,400  volts  primary,  transforming  down  to 
100  to  110  volts  secondary.  Mr.  Leonard  has  not  included  in 
his  comparison  with  American  statistics,  the  Vienna  alternate 
current  station,  which  would  certainly  not  suffer  by  comparison 
with  any  station  in  the  world.  I  must  admit  a  limited  familiarity 
with  the  alternate  current  stations  in  this  country,  owing  to  the 
fact  that  I  have  been  abroad  a  number  of  years,  but  1  think  I 
am  safe  in  saying  that  there  is  not  an  alternate  current  station  in 
this  country  which  in  excellence  of  equipment,  perfection  of  dis- 
tribution, regularity  of  service,  or  economy  in  operation,  is  the 
equal  of  the  Vienna  station  of  the  Internationale  Elektricitats 
Gessellschaft.  Among  the  other  European  stations  which  ought 
certainly  to  be  included  in  such  comparisons  as  these,  I  would 
mention  the  alternate  stations  at  Cologne  and  Rome.  Both  of 
these  stations  are  excellent  examples  of  alternating  current 
station  construction  and  contain  characteristic  types  of  modem 
equipment. 

Passing  along  the  paper  I  notice  that  the  author  calls  attention 
to  the  system  of  charge  to  the  consumer  for  current,  used  by  Mr. 
Wright  at  Brighton.     I  would  say  at  this  time,  that  this  system 
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of  charging  on  the  basis  of  what  the  author  happily  calls  the 
"load  factor  of  the  consumer"  was  first  developea  by  Prof.  6. 
Colombo,  of  Milan,  Italy,  the  general  manager  of  the  Italian 
Edison  Com])any,  and  it  is  stjU  the  basis  of  charge  for  current 
delivered  from  the  Milan  Edison  stations.  This  system  was  first 
adopted  in  1887  or  1888,  and  has  been  in  use  ever  since  with 
entire  satisfaction  to  the  consumer.  I  do  not  know  that  a  definite 
claim  for  precedence  in  the  application  of  sliding  scale  of  charge 
has  been  put  forward,  but  I  take  this  opportunity  to  mention  it. 
According  to  the  system  of  charging  .for  current  in  use  at  Milan, 
the  consumer  is  at  liberty  to  choose  between  two  systems  of  pay- 
ment ;  either  on  the  basis :  first,  of  a  fixed  charge  of  a  certain 
sum,  30  francs  ($5.75)  per  lamp  installed  per  year,  plus  a  charge 
of  3i  centimes  (.67c.)  per  lamp  hour  as  registered  oy  the  meter, 
or,  second,  a  charge  per  lamp  hour  as  registered  by  tne  meter  on 
a  sliding  scale  at  a  rate  varying  from  a  maximum  of  7.7  centimes 
(1.5c.)  per  lamp  hour,  to  a  minimum  rate  of  4.8  centimes  (.96e.), 
aepending  upon  the  number  of  lamp  hours  used  per  month  per 
lamp  equivalent  installed.  This  system  covers  fully  and  satis- 
factorily the  question  of  a  consumer's  load  factor,  and  gives  the 
best  consumer — that  is,  the  one,giving  the  company  the  greatest 
return  per  lamp  installed, — the  beneht  of  the  best  basic  rate. 

Anotner  interesting  point  referred  to  by  the  author  of  the 
paper  is  the  question  of  the  station  load  factor.  In  Mr.  Cromp- 
ton's  inaugural  address  before  the  Institution  of  Electrical  En- 
gineers in  London,  he  presented  a  curve  showing  the  load  on  all 
of  the  London  stations  combined,  on  the  day  of  greatest  output 
of  last  year,  December  19th.  The  load  factor  on  this  day  was 
shown  to  be  33  per  cent.  It  may  interest  the  members  of  the 
Institute  to  know  that  the  load  factor  of  the  combined  stations 
of  the  Edison  Electric  Illuminating  Company  of  New  York  on 
the  day  of  last  year  when  the  output  was  greatest  (December  lOth^ 
was  34i  per  cent.  The  load  factor  of  the  lower  district  supplied 
by  the  company,  in  which  is  included  a  large  motor  load,  is  some- 
what less  than  34  per  cent.;  the  load  factor  of  the  upper  district, 
which  has  only  a  small  motor  load,  being  slightly  greater.  The 
total  K.  w.  hours  of  output  of  the  combined  London  stations  on 
the  date  referred  to  was  96,240.  The  combined  output  of  the 
Edison  stations  in  New  York  City  on  December  10th  was  60,633 
K.  w.  hours.  The  maximum  load  carried  at  any  one  time  was  in 
the  case  of  the  combined  London  stations,  11,H00  k.  w.;  combined 
Edison  stations  in  New  York,  7,354  k.  w.  The  connected  instal- 
lation in  the  case  of  the  combined  Edison  stations  in  New  York 
was:  incandescent  lamps,  234,494;  arc  lamps,  3,014;  motors, 
7,616  H.  p.;  or  a  total  equivalent  installed  of  178,000  amperes.  It 
may  seem  strange  that  the  load  factor  of  such  a  district  as  the 
lower  district  of  New  York  City,  in  which  the  motor  capacity 
connected  (in  k.  w.  equivalents)  represents  42  per  cent,  of  the 
total  connected  installation,  is  not  greater  than  in  the  case  of  the 
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upper  district,  where  the  motor  load  represents  only  16  per  cent, 
of  the  installation.  It  shonld  be  remembered,  however,  that  the 
lower  district  is  eminently  a  business  and  industrial  locality,  and 
that  after  six  o'clock  the  load  curve  drops  off  very  rapidly  to  a 
minimum,  while  in  the  upper  district  we  have  a  business  and 
residential  locality  where  tne  day  load  is  light,  but  the  evening 
load  keeps  up  well  and  falls  off  gradually. 

The  President  : — In  a  paper  so  varied  as  this,  and  covering  so 
many  different  fields,  experts  in  which  are  present,  unless  a  desire 
is  expressed  to  the  contrary  I  shall  limit  the  speakers  to  ten 
minntes. 

Dr.  Chas.  E.  Emebt  : — The  author  of  the  paper  has  in  a  racy 
and  attractive  way  brought  to  the  attention  ot  those  present, 
matters  in  which  he  has  been  interested  and  instructed  abroad. 
For  this  pleasant  duty,  well  performed,  I  am  personally  much 
obliged  to  Mr.  Leonard. 

Taking  up  my  marginal  notes  in  order ;  the  paper  on  page  41 
states  that  the  Parsons  steam  turbine  delivers  one  kilowatt  for 
28  pounds  of  feed  water,  and  continues :  "  This  is  equivalent  to 
"about  15.7  pounds  of  water  per  indicated  horse  power  per  hour." 
The  difference  is  so  great  it  would  seem  that  these  figures  need 
revision*. 

I  have  been  interested  in  considering  the  possibilities  of  the 
Parsons  and  the  Laval  steam  turbines.     The  high  speed  should 
penuit  the  use  of  a  small  and  comparatively  cheap  dynamo,  and 
eventually  the  engines  should  not  be  as  expensive  as  ordinary 
engines.    Moreover,  the  very  small  space  required  is  of  impor- 
tance in  a  large  city.     I  have  wondered  why  the  turbines  have 
not  been  introduced  here.     I  made  a  special  examination  of  tne 
Laval  steam  turbine  at  the  Columbian  Exposition,  and  thougl^  i 
had  a  special  invitation  and  wore  a  Judge's  badge,  I  could  not  gfi 
the  operator  to  put  a  load  of  more  than  three  or  four  M^^^.^|^ 
on  an  engine  rated  at  fifteen  horse-power,  the  excuse  being  tn 
there  was  water  in  the  steam.     The  reported  tests  of  this  turtn  ^^ 
are  very  satisfactory,  bnt  it  is  a  question  if  it  has  yet  been  p^t 
commercial  form.  .   ^ 

As  to  the  question  of  the  load  factor,  I  think  the  critical  P^^^^ 
has  not  been  referred  to  in  the  paper.     It  is  a  question  ^^^^     ^ 
the  distribution  of  the  load  throagh  the  day  than  of  the  ^"^^   ^^^ 
ities  of  local  demands.     It  is  considered  unfortunate  to  toKe 
elevator  as  an  illustration,  for,  although  it  may    take  15  }^    ^_ 
kilowatts  at  times,  and  be  shut  off  entirely  for  considerable  ^^   ^ 
vals,  the  demand  is  distributed  throughout  the   day  and  m  ^P^^^, 
ment  houses  far  into  the  night,  and  as  it  is  very  rare  thattheji^^^j^ 

1.  This  may  be  explained  by  using  rather  low  efficiencies.  '^'^onvctUjally 
poaods  per  kilowatt  equals  20.89  pounds  per  e.  h.  p.,  of  which  Y  rrpsDonds  ap- 
.:5,  which  is  the  joint  efficiency  of  the  engine  and  dynamo  and  ^^"^^^^^o,  or 
proximately  to  b8  per  cent,  for  the  engine,  and  90  per  cent,  for  tne  u.r 
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pull  required  by  each  of  a  large  number  of  elevators  will  come 
at  the  same  moment,  by  the  well  understood  law  of  aven^s, 
such  elevators  make  a  fairly  uniform  load.  It  is  very  much  Uke 
the  average  in  railroad  work.  When  a  few  cars  are  running  the 
fluctuations  are  very  great,  but  as  the  number  is  increased,  the 
load,  though  still  fluctuating,  gives  a  large  load  factor  during 
the  time  of  operation.  It  seems  to  me  that  the  use  of  elevators 
and  of  electric  current  for  various  household  uses  should  be  en- 
couraged, because  such  uses  are  distributed  through  a  large 
number  of  hours  per  day.  The  real  cause  of  the  low  load  factor 
is,  that  so  many  consumers  want  light  at  the  same  time.  The 
evident  cure,  if  practicable,  would  be  to  charge  a  higher  price 
during  the  rush  hours.  The  method  which  would  best  appeiftl  to 
consumers,  would  be  to  reduce  the  price  for  current  used  during 
other  than  the  rush  hours.  The  W  right  plan  nientioned  in  the 
paper  (p.  47)  with  a  proper  scale  of  prices,  would  possibly  ac- 
complisn  these  purposes,  but  the  results  would  probably  be  better 
understood  by  consumers  if  expressed  somewhat  as  above. 

The  description  of  the  Heilmann  electric  locomotive  and  its 
operation  is  certainly  very  interesting,  and  involves  some  impor- 
tant considerations.  It  is  fair  to  say  that  I  had  not  thought  of 
this  system  respectfully  until  I  read  the  paper.  It  did  seem  to 
be  impossible,  when  there  are  steam  engines  and  a  steam  boiler 
already  on  a  locomotive,  to  install  an  electric  plant  in  addition  to 
a  steam  plant  on  a  special  car,  and  in  that  roundabout  way  make 
a  locomotive  which  would  in  any  respect  be  more  eflScicnt  than 
the  direct  use  of  steam  applied  to  driving  wheels  in  the  first 
place.  A  few  facts  and  some  very  simple  calculations  show  that 
the  idea  is  not  as  ridiculous  as  it  seems.  It  would  be  unreason- 
able to  dispute  the  statement  that  the  cost  of  the  power  from  an 
ordinary  locomotive  is  double  that  of  stationary  engines  of  the 
best  type.  There  are  two  reasons  for  this ;  one,  the  necessity  of 
obtaining  such  an  enormous  power  from  a  locomotive  boiler 
which  with  the  customary  construction  must  be  put  in  a  certain 
place  under  limited  conditions,  the  effect  of  all  of  which  is  to 
oring  the  evaporation  down  to  5,  or  at  most  7  pounds  instead 
of  8  or  9.  The  other  is  the  difficulty  of  obtaining  economy  with 
the  pimple  arrangement  of  valve  gear  which  has  been  adopted, 
and  with  such  variable  piston  speeds  as  are  necessary.  If,  there- 
fore, tlie  steam  plant  of  the  Heilmann  locomotive  can  be  operated 
for  one-half  the  fuel  or  anywhere  near  that,  this  saving,  not 
considering  interest  charges,  will  more  than  compensate  for  the 
losses  incident  to  the  generation  and  utilization  of  electric  cur- 
rent, even  if  the  50  per  cent,  extra  weight  of  tha  Heilmann 
locomotive  be  considered  as  to  that  extent  reducing  the  weight 
of  the  train.  The  question  immediately  arises,  however;  way 
not  adopt  the  distinguishing  features  of  the  Heilmann  steam 
plant  to  a  steam  locomotive  i  It  is  perfectly  possible  to  mount 
a  boiler  of   larger  size  on  a  platform  and  to  make  locomotive 
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steam  cvlinders  which  will  operate  as  economically  as  those  of 
an  engine  mounted  on  a  platform  itself,  even  if  we  have  to  in- 
crease the  the  size  of  the  drivers  to  bring  down  the  number  of 
revolutions  of  the  on^ne.  Were  this  done,  the  locomotive 
would  be  as  economical  as  the  steam  plant  of  the  Heilmaun  lo- 
comotive and  the  intervening  electric  machinery  would  produce 
loss  instead  of  gain.  That  is,  when  the  progress  that  has  been 
made  in  the  construction  of  the  Heilmann  locomotive  is  analyzed 
along  more  general  engineering  lines,  the  improvement  suggested 
Is  one  in  locomotives,  and  not  specially  in  electric  locomotives. 
Curiously  enough  the  general  features  of  the  system  have  been 
already  worked  out  for  ordinary  locomotives,  but  were  so  far 
ahead  of  the  times  that  they  have  not  been  generally  adopted. 
What  was  called  the  Fairlie  locomotive,  built  some  years  ago, 
had  two  boilers  mounted  on  a  platform  supported  on  two  trucks 
containing  only  driving  wheels.  The  steam  was  introduced  to 
the  cylinders  through  ball  and  socket  joints.  The  system  operated 
well,  all  the  weight  was  on  the  drivers,  and  I  think  some  of  the 
original  engines  are  still  at  work  in  one  of  the  South  American 
states.  The  Mason  Locomotive  Works  took  up  the  system 
later,  using  a  single  boiler,  and  with  one  propelling  truck  con- 
taining drivers  at  one  end,  and  an  ordinary  truck  at  the  other. 
This  arrangement  enabled  short  curves  to  be  run  on  suburban 
routes,  but  Mr.  Forney,  now  present  with  us,  showed  that  this 
could  be  done  with  a  locomotive  of  the  ordinary  type,  carryin^^ 
its  own  tender  on  the  frame,  but  supported  by  a  truck,  as  evi- 
denced in  the  locomotives  on  the  elevated  railroads,  and  the 
Mason  system  has  not  been  extended.  The  success  of  the  Heil- 
mann system  will  then  only  show  the  desirability  of  reviving  the 
Fairlie  system,  perhaps  using  only  a  single  boiler  of  large  size. 

At  present,  as  Mr.  Leonard  suggests,  it  is  well  to  encourage 
the  development  of  the  Heilmann  system  as  a  means  of  ascer- 
taining the  desirable  details  of  a  practical  electrical  locomotive, 
even  if  the  steam  machinery  afterward  be  taken  off,  and  the  cur- 
rent supplied  by  some  modification  of  the  trolley  system. 

Mr.  Herbert  Lloyd: — The  conclusions  Mr.  Leonard  comes 
to,  resulting  from  his  inspection  of  a  single  battery  plant  in  Paris, 
are,  I  think,  a  little  unjust  to  accumulators.  His  figure  of  $107 
per  kilowatt  for  three  hours'  discharge,  about  conforms  to  the 
American  practice,  but  the  statement  that  a  battery  worked  at 
this  rate  will  not  have  an  eflSciency  of  over  60  per  cent,  is,  I 
think,  erroneous.  All  the  large  batteries  installed  in  this  country 
have  been  guaranteed  at  a  much  higher  figure  than  60 ;  75  is 
more  common.  In  comparing  the  relative  first  cost  of  battery 
plant  and  direct  power  plant,  Mr.  Leonard  gives  a  first  cost  for 
a  direct  plant  of  $50  per  kilowatt  of  output  m  against  $107  for  a 
storage  plant  of  the  same  output.  1  will  quote  the  remarks  of 
Mr.  Edgar  of  Boston  at  the  Cleveland  Convention  last  week. 

Mr.  £dgar  says : 
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"  A  first-class  steam  plant  costs  $10t>  a  horse-power;  everything 
**  inside  of  the  building.  That  is  being  done  to-day.  The  battery 
**  costs  US  a  little  over  $50  a  horse-power  to  do  the  maximum 
"  work." 

One  hundred  dollars  a  horse-power  for  direct  plant  means  of 
course  $133  per  kilowatt,  as  against  $107  for  battery,  taking  Mr. 
Leonard's  figures.  I  have  had  occasion  within  the  past  thirty 
days  to  get  an  estimate  on  a  direct  electric  power  plant,  and  the 
figure  of  $100  per  horse-power  is  the  result  of  my  efforts. 

Were  the  comparison  made  by  Mr.  Leonard  between  the  first 
cost  of  the  two  systems  correct,  his  later  remarks  as  to  the  profit- 
able application  of  a  battery  with  a  40  per  cent,  load  lactor, 
would  have  some  weight,  but  with  batteries  costing  less  per  kilo- 
watt of  output  than  a  direct  plant,  that  contention  falls. 

Next,  as  to  the  idea  of  installing  small  batteries  in  customers' 
houses,  that  is  going  back  to  the  earliest  methods  adopted  in  ex- 
ploiting storage  batteries  in  this  country.  In  Haverford,  Penn- 
sylvania, this  was  tried  eight  or  nine  years  ago,  on  a  large  scale, 
but  the  idea  of  dividing  a  battery  up  into  a  lot  of  little  mstalla- 
tions,  distributed  broadcast,  is  vastly  less  practical  than  the 
installing  of  one  large  plant  in  the  central  station,  and  if  it 
would  pay  the  customer  to  install  a  small  battery,  it  would 
certainly  pay  the  lighting  company  to  install  a  lai^  one,  as  the 
first  cost  would  be  proportionately  less,  and  the  care  and  cost  of 
maintenance  infinitely  smaller. 

Mr.  Leonard's  remark  that :  "  The  consumers'  maximum  load 
"  will  sometimes  occur  at  the  time  of  maximum  load  in  the  cen- 
"  tral  station,  and  when  this  accumulated  load  is  put  upon  the 
"central  station  the  kilowatts  must  be  there  to  meet  the  de- 
"  mand : "  is  one  of  the  best  arguments  I  have  ever  heard  in 
favor  of  accumulators. 

Mk.  a.  E.  Kennelly  :  I  think  we  are  much  indebted  to  Mr. 
Leonard  for  his  interesting  paper.  A  subject  of  this  kind  is 
always  interesting,  because,  while,  proverbially,  comparisons  are 
sometimes  odious,  practically,  they  are  also  sometimes  very 
pleasant,  and  by  seemg  what  our  neighbors  are  doing  we  can 
often  gain  some  advantage  for  ourselves. 

There  are  three  points  in  this  paper  I  would  like  to  mention. 
The  first  is  that  mentioned  on  page  37,  namely  that  this  country 
has  suffered  by  having  the  electrical  industry  in  the  control  of 
large  corporations,  and  then  on  p^ge  39  Mr.  Leonard  goes  on  to 
state  that  dynamos  and  engines  are  better  here  than  they  are 
anywhere.  I  suppose  Mr.  Leonard  would  not  say  that  lamps  are 
worse  here  than  they  are  anywhere  el6e,  or  that  motors  are  worse 
here  than  they  are  anywhere  else.  So  that  we  are  forced  to  the 
conclusion  that  the  superiority  abroad  must  lie  in  the  system  of 
distribution,  because  there  is  notliinglef  t  but  the  systems  to  account 
for  it.  I  can  scarcely  imagine  that  it  can  l>e  maintained  that  in 
the  commercial  application  of  distribution  there  is  a  superiority 
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in  Enropean  countries,  because  I  think  you  have  only  to  take  up 
a  map  of  England's  electrical  distribution  systems  for  example^ 
to  see  that  the  question  of  systems  is  a  very  rife  one,  and  that 
there  is  no  apparent  uniformity  of  opinion  as  to  which  system 
is  the  best  to  employ,  even  under  any  riven  conditions.  Thus 
it  is  stated  by  Mr.  Leonard  that  under  the  most  unfavor- 
able conditions  he  can  possibly  ima^ne,  an  alternating  system 
has  been  put  in,  in  the  middle  of  the  city  of  London.  He  also 
mentions  that  dynamos  cost  much  less  here  than  abroad,  and 
this  in  a  country  of  corporate  interference.  Is  that  not  an  argu- 
ment in  favor  of  the  fact  that  under  the  influence  of  aggregated 
capital,  processes  of  manufacture  may  have  been  so  perfected  a& 
to  greatly  reduce  the  cost  of  construction,  and  while  no  doubt  the 
effect  of  large  corporations  is  to  limit  and  interfere  in  some  di- 
rections with  electrical  applications,  yet  in  this  compensatory 
world  the  diminished  price  of  electrical  apparatus  is  an  evidence 
of  one  beneficent  effect  of  large  corporations. 

The  second  point  is  on  page  46,  where  allusion  is  made  to  the 
cost  of  this  storage  battery  as  l)eing  capable  of  supplying  8,000 
10  c.  p.  lamps  for  three  hours,  and  costing  about  $30,000,  mean- 
ing $107  per  K.  w.  That  is  evidently  based  on  an  estimate  of 
the  coefficient  in  the  lamps  of  3^  watts  per  candle.  I  would 
like  to  ask  whether  that  8,000  lamps  is  not  the  true  estimate,, 
and  that  4^  and  even  5  watts  per  candle  would  not  be  a  much 
more  fair  basis  to  take,  in  which  the  cost  would  come  to  $75  or 
$83  per  kilowatt. 

The  third  point  I  want  to  draw  attention  to,  is  one  that  Dr. 
Emery  has  already  mentioned,  and  I  think  that  it  deserves  all 
the  insistence  that  can  be  brought  upon  it,  namely  that  on  pages 
48  and  49,  of  this  load  factor.  When  you  sell  light  to  cus- 
tomers they  all  practically  enter  into  a  conspiracy  to  throw  the 
light  on  at  the  same  hour,  just  about  dinner  time,  and  you  nmst 
have  power  in  tlie  station  to  supply  it,  but  when  you  sell  power 
to  run  intermittent  10  horse  power  motors,  even  though  they  each 
take  30  horse  power  at  starting,  by  no  possibility  can  the  customers 
enter  into  any  conspiracy  to  all  start  together,  and  all  the  figures 
based  on  such  a  conclusion  with  regard  to  electric  elevator  motors 
are  greatly  exaggerated  in  consequence, and  the  rates  which  should 
be  charged  for  a  kilowatt-hour  based  on  elevator  work  are  cor- 
respondingly exaggerated.  As  a  matter  of  fact,  I  think  it  is 
well  known  that  elevator  load  is  objected  to  more  on  the  score 
of  the  difficulty  of  maintaining  regularity  of  pressure  in  the 
mains,  than  it  is  on  account  of  the  small  load  factor. 

Mr.  Wm.  Maver,  Jr.: — I  should  like  to  say  that  there  is  at 
least  one  electric  light  station  in  this  country  that  transforms 
from  2,000  volts  to  100  and  to  50  volts ;  the  converters  being 
adjusted  to  either  100  or  to  50  volts  on  the  secondary.  That  is,  1 
believe,  the  Manhattan  Electric  Light  Company  of  this  city. 
The  change  was  made  from  1,000  volts,  transforming  to  50  m 
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the  secondaries,  over  a  year  ago.  Of  course,  however,  they  em- 
ploy the  two-wire  system  in  the  secondary.  I  should  like  to  ask 
Mr.  Leonard  how  the  switching  of  the  secondary  circuit  from 
the  converter  to  the  regular  three-wire  system  m  Brighton  is 
performed.     Others  may  be  interested  also  in  that.     Also  on 

f)age  41,  whether  the  vulcanized  rubber  cables  referred  to  are 
ead  covered,  or  if  not,  in  what  way  they  are  covered,  if  he 
knows;  and  also  the  manner  in  which* the  air  is  chemically  dried 
before  it  is  led  into  the  ducts. 

Mr.  M.  N.  Forney  : — There  are  some  things  contained  in  this 
paper  in  relation  to  the  Heilmann  locomotive  which  interest  me 
very  much.  I  might  say  in  the  beginning  that  I  know  very  little 
about  electricity,  but  I  know  perhaps  something  about  locomo- 
tives. There  are  several  statements  in  this  paper  which  Are  urged 
in  favor  of  the  locomotive,  and  which  pernaps  could  hardly  go 
entirely  to  the  credit  of  the  electric  locomotive.  For  example, 
it  is  said  that  the  Heilmann  locomotive  rests  upon  sixteen  wheels, 
and  on  page  51  that  Mr.  Heilmann  "  is  able  to  carry  a  larger 
"  boiler,  and  hence  does  not  have  to  crowd  it  to  such  a  wasteful 
*^  point.'-  Now  it  is  not  quite  clear  to  me  why  you  are  not  able 
on  an  ordinary  locomotive  to  carry  as  large  a  boiler  on  sixteen 
wheels  as  on  an  electric  locomotive.  An  ordinary  locomotive 
and  tender  is  always  carried  on  sixteen  wheels  although  the  weights 
are  not  exactly  the  same,  the  Heilmann  locomotive  being  heavier. 
The  electric  locomotive  must  in  addition  to  the  engine  and  boiler 
and  the  other  appliances,  carry  its  electric  machinery  besides. 
So  that  it  appears  as  though  the  old  steam  locomotive  has  some- 
thing to  say  for  its  side. 

There  is  another  statement  on  the  same  page  in  which  it  is  said 
"  that  probably  at  least  one-third  of  the  cost  of  maintenance  of  the 
"  roadbed  and  the  locomotives  for  high  speed  service  could  be 
"traced  directly  to  this  destructive  hammer  blow  and  side  thrust." 
Now  it  would  be  interesting  to  know  on  what  sort  of  evidence 
that  statement  is  based.  I  confess  that  after  being  a  student  of 
railroad  matters  for  a  good  while,  I  have  never  heard  that  so 
large  a  proportion  of  the  repairs  of  roadbed  can  be  assigned  to 
any  such  cause  as  that.  It  is  very  true  that  experiments 
have  been  made  showing  that  some  very  destructive  action  occurs 
in  locomotives,  in  which  there  is  an  excessive  amount  of  counter- 
balance. A  good  many  cases  have  been  quoted  in  which  it  is 
said  that  rails  have  been  bent,  and  the  experiments  made  at 
Purdue  University  also  show  that  at  very  high  speeds,  with  ex- 
cessive counterbalance,  the  wheels  raised  up  entirely  clear  of  the 
rails.  But  it  is  also  sliown  by  the  same  experiments  that  there 
are  substantially  no  injurious  results  when  the  locomotive  is 
counterbalancea  in  a  reasonable  way. 

On  page  58,  it  is  said  that  the  cost  of  the  Heilmann  locomo- 
tive is  $30,000.  Now  an  ordinary  passenger  locomotive  of  the 
largest  size  can  be  obtained  for  about  $10,000  to  $12,000  at  the 
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Dresent  time.  There  would  therefore  be  a  difference  of  about 
^18,000  to  $20,000  in  favor  of  the  present  steam  locomotive.  I 
think  hardly  any  prudent  business  man  would  venture  to  make 
an  investment  oi  tnat  kind  without  allowing  ten  per  cent,  on  the 
extra  cost  to  cover  the  interest  and  cost  of  replacing  it.  That 
would  give  you  an  excess  of  interest  account  for  the  Heilmann 
locomotive  of  $1,800  to  $2,000.  You  may  take  it  as  a  rough 
statement  that  a  locomotive  will  bum  per  year  about  $2,500 
worth  of  coal.  I  am  taking  a  rough  average  through  the  country. 
As  you  have  $1,800  to  $2,0u0  excess  of  interest  for  the  Heilmann 
locomotive,  you  would  have  to  do  the  same  amount  of  work  with 
$500  to  $700  worth  of  coal  with  the  Heilmann  locomotive  that 
we  are  now  doing  with  $2,500  worth  on  the  steam  locomotive. 

I  am  entirely  ignorant  of  the  appliances  used  on  the  Heilmann 
locomotive,  and  there  may  be  features  there  which  would  give  a    ' 
very  great  advantage  in   locomotive   practice.     But  from   the 
showing  that  is  presented  here,  it  seems  to  me  that  there  is  a  good 
deal  still  to  be  said  in  favor  of  the  steam  locomotive. 

'  Dk.  Gary  T.  Hutchinson  : — It  may  be  interesting  to  give 
some  information  about  a  large  electric  locomotive  which  has 
just  been  finished  by  the  Baldwin  Locomotive  Works.  This  lo- 
comotive has  eight  drivers  connected  rigidly  by  side  bars,  mak- 
ing a  wheel-base  of  16  feet,  the  length  over  all  being  about  30 
feet.  The  weight  is  133,000  pounds  uniformly  distributed  on 
the  eight  drivers,  giving  16,700  pounds  on  each  driver.  There 
are  four  motors,  one  on  each  axle,  the  motors  being  built  directly 
on  the  axle  without  springs  of  any  kind  between  the  armature 
and  the  axles. 

The  machine  has  a  capacity,  on  a  four  hour  test,  of  1,000  horse 
power  at  a  speed  of  35  miles  per  hour.  The  regulation  is  the 
series  parallel.  The  motor  bemg:  Ist,  all  in  series;  2nd,  two 
series  oy  two  in  parallel ;  3d,  all  four  in  parallel.  There  is  also 
a  resistance  intended  for  use  on  first  position  in  starting.  The 
lowest  speed,  without  resistance,  is  about  seven  miles  per  hour. 

A  test  recently  made  at  the  Baldwin  Locomotive  Works 
showed  an  eflSciency  of  more  than  92  per  cent,  when  operating 
1,000  horse  power. 

The  motors  are  designed  so  that  they  will  work  without  spark- 
ing with  full  current  in  the  armature  at  one-half  normal  field 
strength.  That  is  to  say,  they  will  operate  at  any  speed  from  35 
miles  per  hour  up  to  about  65  miles  per  hour  at  the  same  power, 
the  drawbar  pull  varying  inversely  as  the  speed.  At  speeds 
below  35  miles  per  hour  tne  drawbar  pull  is  constant,  the  power, 
therefore,  being  directly  proportional  to  the  speed. 

The  smoothness  and  absence  of  vibration  was  very  noticeable 
in  the  test  referred  to.  The  entire  machine  was  supported  on 
four  jacks,  without  bracings;  when  running  with  full  torqixe, 
there  was  scarcely  any  shaking. 

Mr.  W.  L.  Bliss:— On  page  51  Mr.  Leonard  says  :   "But    ro- 
"gardlessof  an  abundant  supply  of  steam  from  the  boiler,  we 
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"find  ourselves  greatly  limited  in  power  for  steam  locomotive 
"  practice  at  hieh  speed,  because  of  the  wire  drawing  of  the 
"  steam,  and  difficulty  of  properly  exhausting  when  we  run  our 
"  locomotive  at  its  highest  speed." 

On  page  52  he  states  further,  "The  engine  in  practice" 
(which  I  suppose  is  the  engine  which  is  driving  the  dynamo)  "  ia 
"  varied  in  speed  from  perhaps  50  to  500  revolutions,  and  the 
"  strength  of  the  generator  neld  from  zero  to  its  maximum 
"  strength."  I  have  made  a  rough  estimate  here  as  to  what  that 
speed  represented.  In  the  first  place,  on  page  61,  Mr.  Leonard 
complains  that  the  high  speed  of  the  steam  locomotive  causes 
wiredrawing  of,  and  difficulty  in  exhausting  the  steam,  whereas 
these  troubles  are  obviated  in  the  Heilmann  locomotive.  He  as- 
sumes, however,  that  in  the  Heilmann  locomotive  the  prime 
mover  runs  up  as  high  as  500  revolutions.  I  have  made  a  little 
calculation  on  the  margin.  I  remember  that  the  Empire  State 
locomotive  No.  999  has  86-inch  driving  wheels.  That  would  be 
a  circumference  of  22.2  feet.  At  60  miles  per  hour  the  drivers 
would  make  236  b.  p.  m*,  which  is  less  than  one-half  as  fast  as  the 
Heilmann  locomotive  would  be  going  to  make  the  same  speed,  on 
the  assumption  that  the  latter  makes  60  miles  per  hour  at  500 
revolutions.  If  we  go  to  120  miles  per  hour  (or  11^  miles  per 
hour,  which  is  the  record  of  the  Empire  State  locomotive),  we 
should  not  be  running  the  same  quite  as  fast  as  the  Heilmann 
prime  mover,  so  that  1  should  think  there  would  be  no  more 
difficulty  with  high  piston  speed  and  wire  drawing  in  the  Empire 
State  than  in  the  Heilmann  locomotive,  for  the  engines  are  evi- 
dently operating  at  nearly  the  same  speed. 

Mb.  Richabd  Fleming  : — In  connection  with  the  cost  per  kilo- 
watt of  the  European  dynamos,  I  would  like  to  ask  Mr.  Leonard 
why  the  cost  of  the  dynamos  is  higher  there  than  here.  Are 
they  more  liberally  proportioned,  or  is  the  workmanship  so  much 
superior  to  Qurs  that  they  have  to  charge  more  for  them  ?  Why- 
is  it  ?  I  would  also  like  to  state  in  connection  with  the  use  of 
the  three-wire  system  on  alternating  lines,  that  in  the  winter  of 
1890-91  I  built  a  small  plant  in  the  far  west,  in  Washington, 
where  I  transformed  from  1,000  volts  in  the  primary  to  208 
volts  in  the  secondary,  using  the  Edison  three-wire  system. 
They  were  compelled  to  change  from  the  regular  continuouft 
current  three-wire  system  to  the  alternating,  and  used  the  same 
wire.  We  used  the  standard  Thomson-Houston  transformer 
with  primary  windings  in  multiple,  and  secondary  windings  in 
series. 

Mb.  Joseph  Sachs: — The  remarks  made  by  the  previous 
speaker,  bring  to  my  mind  a  similar  instance  of  a  small  plant  in- 
stalled in  1889,  in  this  city  in  the  Lenox  Lyceum,  which  was 
wired  to  be  operated  by  the  Edison  three-wire  system.  After- 
wards a  small  alternating  plant  was  installed  at  the  station  of  the 
New  York  Steam  Heating  Co.  adjacent,  and  two  Westinghouse 
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machines  were  put  in,  operated  at  1,000  volts  and  the  secon- 
daries of  the  transformers  operated  at  50,  were  so  employed  as 
to  operate  all  the  three-wire  Edison  system  in  exactly  the 
ordinary  three-wire  fashion.  This  was  (juite  an  original  feature 
at  the  time,  as  not  very  much  of  this  kind  of  work  had  been 
done  at  that  date.  I  would  also  like  to  make  a  note  of  the  line 
on  page  42.  *'What  is  needed  is  a  generator  of  electricity 
"  directly  driven  by,  or  preferably  constituting  a  part  of  the  re- 
"  volving  disk,  and  here  is  food  for  considerable  thought."  I 
wish  to  say  that  several  friends  of  mine  at  the  present  time  are 
at  work  on  such  a  device,  and  it  has  often  seemed  to  me  that  it 
would  be  feasible  to  devise  some  form  of  unipolar  or  very  simple 
commutating  machine  which  could  be  coupled  to  the  shaft  of  a 
very  high  speed  turbine ;  and  although  the  element  of  friction, 
which  is  really  the  principal  thing  to  be  overcome  in  a  case  of 
that  kind  is  verv  severe,  I  believe  that  such  a  device  can  be 
operated.  A  self-contained  dynamo  and  engine  of  that  kind 
would  certainly  be  the  acme  of  simplicity  ana  cheapness.  Pro- 
fessor Crocker  may  perhaps  be  able  to  give  us  some  figures  in 
regard  to  the  coupling  of  unipolar  dynamos  at  these  speeds  to 
turbines. 

Prof.  Crocker  : — I  hardly  think  a  subject  of  that  magnitude 
can  be  considered  a  proper  part  of  the  discussion  of  a  general 
paper  of  this  kind.  But  I  believe  that  some  such  device  as  you 
suggest  can  be  made  practicable.  But  it  is  such  a  large  subject 
that  it  would  require  an  evening  for  itself. 

The  President  : — Before  calling  on  Mr.  Leonard  to  close  the 
discussion  I  wish  to  voice  what  I  am  sure  are  the  sentiments  of 
the  meeting,  by  saying  how  much  we  have  enjoyed  this  able 
paper,  and  how  the  value  of  the  paper  is  evidenced  by  the  very 
general  discussion  it  has  called  forth. 

I  would  like  to  say  on  my  own  part  that  I  do  not  share  Mr. 
Leonard's  fear  as  to  the  evil  effects  of  gigantic  Qorporations, 
although  I  do  not  desire  to  be  re^rded  as  speaking  unquali- 
fiedly in  favor  of  them.  I  do  not  tnink,  however,  that  the  state- 
ment made,  that  the  practical  development  of  engineering  im- 
provements is  opposed  by  the  gigantic  corporations  in  the  electric 
field,  LB  warranted  by  the  facts.  On  the  contrary,  if  I  have  read 
aright  the  history  of  progress  of  electrical  engineering  science  in 
this  country,  it  has  not  oeen  in  spite  of  the  gigantic  corpora- 
tions, but  by  reason  of  such  corporations  that  such  progress  has 
been  made.  If  here  and  there  an  inventor  does  not  succeed  in 
getting  his  particular  system  adopted  by  a  corporation,  he  may, 
perhaps,  naturally  feel  that  such  corporation  stands  in  the  way  of 
its  introduction.  But  we  should  not  lose  sight  of  the  fact  that 
these  corporations  are  in  the  field  for  business  and  will  be  apt  to 
buy  anything  that  has  real  commercial  value.  It  might  be  true,  if 
all  the  corporations  were  represented  by  a  single  body,  that  such 
gigantic  monopoly  might  absolutely  discard  anything  of  value. 
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But  when  we  remember  that  there  are  several,  perhaps,  three  or 
four  or  half-a-dozen,  it  is  evident  that  a  live  company  or  corpora- 
tion cannot  fail  to  see  the  advanta^  of  anything  which  possesses 
true  merit. 

I  have  shared  the  general  surprise  of  probably  some  of  you 
here  in  learning  that  the  Heilmann  locomotive,  a  locomotive  that 
practically  carries  a  central  station  with  it,  can  show  such  favor- 
able figures,  as  it  appears  to,  regarding  economy.  It  is  a  matter 
of  great  surprise  to  me,  and  I  am  rather  disposed  to  think  that  a 

fjreat  deal  of  the  supposed  advantages  possessed  by  the  Heilmann 
ocomotive,  will  in  fact,  be  found  to  consist  in  an  improvement 
on  mechanical  locomotive  practice.  If,  however,  it  be  true,  what 
we  have  claimed  for  the  great  flexibility  of  electricity  as  a  means 
of  long  distance  transmission  of  power,  will,  it  seems  to  me,  to  a 
very  great  extent  be  lost.  It  is  a  very  interesting  question,  however, 
and  1  shall  look  to  the  solution  of  it  with  considerable  interest. 
Of  course,  I  recognize  the  question  of  speed  as  being  in  favor  of 
the  electric  locomotive. 

I  will  only  say  in  conclusion,  that  as  to  Mr.  Leonard's  fear  least 
air  able  consulting  engineers  should  be  controlled  by  these 
gigantic  monopolies,  that  he  affords  a  notable  instance  of  an  able 
one  who  I  believe,  has  not  yet  been  so  controlled. 

I  will  call  now  on  Mr.  Leonard  to  close  this  discussion. 
Mr.  Leonard  : — I  have  so  many  points  to  answer  that  I  hardly 
know  where  to  begin.  If  I  inadvertently  embraced  far  more  in 
the  scope  of  my  paper  as  regards  ithe  central  stations  abroad 
than  I  should  have  done,  I  regret  it,  and  I  can  see  upon  reflec- 
tion that  there  is  cause  for  criticism  if  I  have  made  remarks  that 
are  so  sweeping  as  to  involve  stations  which  I  did  not  see.  In 
saying  that  undoubtedly  we  have  the  best  three-wire  central 
station  plants  in  the  world,  I  judged  largely  by  my  familiarity 
with  those  in  this  country  by  observation,  and  those  abroad, 
which  I  have  not  seen,  by  published  descriptions.  But  one 
point  which  I  wish  to  mention  is,  that  I  do  not  consider  that  any 
conclusions  can  be  arrived  at  in  judging  the  matter  by  the  ques- 
tion of  how  many  watts  are  delivered  to  the  customer  per  pound 
of  coal.  The  coal  in  the  cost  of  the  central  station  energy  is 
less  than  10  per  cent,  of  the  cost.  It  may  possibly  be  that 
such  stations  abroad  may  show  better  results  than  ours  as  judged 
by  the  statistics  compiled  by  the  National  Electric  Light  Associa- 
tion. But  1  hardly  think  this  would  necessarily  be  a  criterion 
either,  because  we  all  know  the  care  \vith  which  statistics  are 
prepared  by  foreigners  and  especially  Germans,  and  we  also 
most  of  us  would  be  inclined  to  doubt  whether  all  of  the  best  of 
our  United  States  stations  had  submitted  full,  detailed  and  ac- 
curate figures  as  to  their  production,  to  the  committee  tliat  pub- 
lished the  results  in  question.  There  are  a  great  many  points 
concerned  in  what  I  would  consider  the  best  three-wire  plants, 
which  are  not  at  all  covered  nor  rubbed  out  by  the  question  oi 
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the  watts  produced  per  poand  of  coal,  and  among  tliem  are  the 
question  of  the  perfection  of  distribution  of  pressure,  the  ques- 
tion of  kilowatt  hours  produced  per  annum,  per  dollar  of  capi- 
talization; and  especially  the  question  of  how  much  earnings 
the  station  is  making  per  dollar  of  investment,  in  which  latter 
two  points  I  am  quite  confident,  although  I  have  not  the  figures 
to  back  up  the  statement,  that  we  are  ahead  of  the  European 
practice.    I  was  very  much  surprised  to  hear  one  of  the  speakers 
state  that  the  load  'fac;tor  of  the  New'  York  Edison  central  sta- 
tion was  34  per  cent.,  and  I  am  almost  forced  to  conclude  that 
we  differ  as  to  the  definition  of  load  factor,  for  I  had  occasion 
personally  to  secure  unquestionable  returns  in   1890  from  the 
central  stations  in  Chicago,  Brooklyn,  New  York,  Philadelphia 
and  Boston,  and  at  that  time  those  stations  averaged  about  40 
per  cent,  for  the  load  factor  and  the  New  York  station  was  the 
best  of  the  lot,  and  T  can  only  explain  any  such  falling  off  as  is 
represented  by  the  present  load  factor  of  34  per  cent,  as  due  to 
the  taking  on  of  too  many  of  these  fluctuating  loads  like  eleva- 
tors.   As  regards  the  question  of  the  load  factor  again,  I  hap- 
pened to  be  with  the  president  of  the  Chicago  Edison  company 
on  my  \mt  abroad,  and  while  there  he  received  complete  stati^ 
tics  from  Chicago  in  regard  to  the  operation  in  December,  and 
Ae  load  factor  there  during  December  was  over  50  per  cent. 
The  speaker  perhaps  did  not  understand  that  my  remarks  were 
unaited  as  regards  the  quotation  as  to  the  load  factor  in  London 
to  the  month  of  December  in  which,  of  course,  the  load  factor 
18  higher  than  would  be  ordinarily  the  case. 

Another  speaker  spoke  of  28  pounds  per  kilowatt  hour  not 
being  correct  relative  to  15.7  pounds  per  radicated  horse-pow^r 
hour.  I  think  these  figures  wifi  bear  scrutiny,  and  I  call  attention 
to  the  fact  that  the  first  one  was  in  feed  water  per  kilowatt  hour 
in  useful  electric  energy  and  not  liorse-XK)wer  hour,  and  tne 
second  is  ner  indicated  horse-power  hour.  , 

As  to  the  argument  which  has  been    presented  by  more  tnan 
one,  that  while  the  Heilmann  locomotive  has  a  larger  ^^^^J,^^! 
there  is  no  reason  why  similarly  a  steain    locomotive  shouW  no 
have  a  larger  boiler,  I  beg  to  sav  that  wliile  I  do  not  process  ^ 
have  any  very  great  amount  of  knowledge  on  that  subject,  i  na^ 
fflven  some  considerable  attention  to  it  of  late,  and  have  n^^'^ 
the  comments  and  the  writings  of  a    good   many  persons  wi 
claim  to  be  verv  well  versed  and  apparently  are,  JV^^^^^^t  \ 
their  papers  and  by  their  standing,  and    the  impression  y^?r . 
navre  derived  is  that  there  has  been  reached,  very  ^oBely,  a  niu 
in  the  size  of  the  steam  locomotive   boilers;  that  to  "^*^f  It^ 
place  a  larger  boiler  upon  a  locomotive  to-day  ^^^^}^,f^l^^  t 
cnlties  in  many  other  ways  as  to  be  praetically  P^^.f  ^'^^^^  ^ 

can  only  won<fer  if  they'^can  run  with  a  steam  boiler  sufficie^^ 
arjp,  why  they  bum  t^ce  as  much  coal  as  we  do  ^}^^^X^^ 
boilere.    There  seems  to  be  no  questiori  that  they  do  burn  more. 
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coal  to  produce  a  horse-power,  and  that  it  is  due  to  the  fact  that 
they  do  have  too  small  a  boiler  and  crowd  it  too  hard.  If  they 
can,  why  don't  thev  put  on  a  bigger  boiler  ? 

As  to  the  cost  oi  batteries,  engines,  etc.,  relative  to  each  other, 
the  figure  of  $107  per  kilowatt  I  think  is  quite  close  to  the  mark 
of  present  practice,  and  I  will  say  that  in  discussing  this  question 
with  one  of  the  best  posted  men  in  England,  after  considerable 
argument  and  figuring  on  his  part,  he  stated  that  the  cost  of 
batteries,  such  as  they  made,  would  be  $175  per  kilowatt.  As 
to  the  cost  of  engines,  boilers  and  generators,  1  am  satisfied  that 
if  any  such  figure  as  $100  per  horse-power  has  been  quoted,  that 
it  must  have  been  intended  not  to  cover  the  boiler,  engine  and 
dynamo  merely,  but  possibly  the  value  of  the  real  estate  and 
buildings,  etc.,  wliich  they  represent  also,  and  which  I  have  not 
included  in  my  figures,  as  there  is  no  doubt  but  that  large  boilers, 
enirines  and  dynamos  can  be  procured  not  only  at  $50,  but  I 
beneve  at  considerably  less  per  kilowatt. 

A  criticism  was  made  as  to  the  suggestion  of  placing  the  bat- 
teries upon  the  consumer's  premises  instead  of  in  the  station.  1 
think  the  speaker  has  lost  sight  of  the  fact  that  the  onlv  argument 
in  favor  of  placing  the  battery  in  the  position  which  1  suggested, 
was  to  enaole  the  customer  to  obviate  the  necessity  of  calling 
upon  the  central  station  for  these  large  spurts  of  energy  which 
he  required  with  its  consequent  high  cost  due  to  small  load  factor 
at  the  rates  I  named.  Placing  the  batteries  in  the  central  station 
would  not  correct  the  disturbance  of  lights  or  the  drop  in  the 
conductors  affecting  other  consumers,  nor  could  the  station  afford 
to  give  to  the  customer  such  a  low  rate  when  these  variations  in 
the  customer's  load  are  still  in  existence,  as  he  could  if  it  was  a 
constant  current  supplied  to  that  customer  for  twenty-four  hours 
per  day.  I  must  say  that  knowing  the  general  views  of  Ameri- 
can central  station  managers  about  storage  batteries,  I  thought 
it  would  be  rather  in  consonance  with  their  ideas  if  they  could 
get  a  customer  to  buy  the  batteries  and  maintain  them. 

As  to  the  $300  per  kilowatt,  that  $300  per  kilowatt  represents 
not  of  course,  merely  the  boilers,  engines  and  dynamos,  but  it 
represents  the  underground  system  which  is  very  expensive  per 
kilowatt,  also  the  real  estate  and  buildings,  and  possibly  the 
usual  percentage  for  the  franchise,  patents,  etc. 

I  had  no  intention  of  impressing  my  hearers  with  the  idea  that 
the  European  practice  was  ahead  of  ours  at  the  present  moment. 
In  fact,  my  opening  clause  stated  that  I  was  in  doubt  as  regards 
the  matter,  but  I  did  point  out  that  they  were  making  more 
progress  than  we  were  in  this  country  in  trying  new  methods, 
new  apparatus  and  new  combinations,  diverging  from  the  old 
beaten  paths,  and  I  consider  that  practice  due  to  the  fact  that 
•  there  are  so  many  concerns  over  there  which  are  considered  first- 
class  and  are  almost  always  in  any  competition  which  arises.  In 
this  country  when  a  large  central  station  plant  is  to  be  installed, 
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as  we  all  know,  it  is  not  competed  for  by  25  or  30  concerns,  the 
majority  of  whom  are  engineers  who  undertake  the  entire  con- 
strnction  of  the  work  and  manufacture  the  apparatus  in  addition ; 
but  generally  the  plants  are  built  by  the  people  themselves,  by 
some  one  of  their  employes,  merely  purchasing  the  apparatus 
from  some  one  or  two  or  three  manufacturing  concerns. 

As  to  the  question  of  dynamos  and  motors  and  the  argument 
that  we  have,  as  I  thought,  better  dynamos  and  motors  than  they 
have  abroad,  I  can  only  say  that  I  think  the  best  reason  for  this 
is  that  there  are  no  patents  on  them  which  even  the  smallest 
concerns  are  afraid  of,  and  therefore  we  do  have  active  competi- 
tion from  the  smaller  concerns,  which  do  not  have  large  capitali- 
zation due  to  patents  and  heavy  fixed  charges,  which  necessitate 
the  large  profits  of  corporations  such  as  I  was  commenting  on. 

The  point  as  to  the  batteries  not  having  been  properly  esti- 
mated by  the  fact  that  three  and  one-tenth  watts  was  assumed,  is 
not  correct.  The  lamps  were  assumed  at  three  and  one-half 
watts  per  candle.  Even  if  for  the  sake  of  argument  it  be  assumed 
that  the  battery  will  cost  $80  or  $90  per  kflowatt  as  against  $50 
for  engine  and  boilers  and  dynamos,  it  would  not  affect  the  con- 
clusion materially. 

The  argument  was  advanced  that  we  ought  not  to  consider  the 
elevator  as  being  a  kind  of  load  that  was  detrimental  in  its  pres- 
ent state,  because  it  is  running  all  day  long.  But  that  does  not 
alter  the  fact  that  if  it  does  run  all  day  long  it  only  has  a  load 
factor  of  five  per  cent.,  and  the  revenue  of  that  per  kilowatt  is 
only  $131  per  year,  even  at  30  cents  per  kilowatt  hour,  and  that 
it  will  come  on  and  be  on  the  top  of  the  peak  of  vour  maximum 
load.  As  an  instance  of  that,  I  have  a  practical  figure  of  an  ele- 
vator which  does  require  about  30  kilowatts  to  start  it  up,  and 
its  bill  is  $75  per  month  and  it  does  come  on  the  top  of  the 
peaks  at  the  maximum  load. 

As  to  the  plant  in  Brighton  and  the  question  of  how  they  do 
the  switching,  I  will  say  that  in  that  instance  the  different  sec- 
tions I  referred  to  are  somewhat  like  the  spokes  of  a  wheel  and 
there  are  only  about  four  or  five  such  switciiing  points,  and  they 
do,  in  that  instance,  thus  far  control  them  by  hand.  That  is, 
the  operator  goes  and  throws  the  switch  and  then  goes  to  another 
point.  But  methods  have  been  devised  by  whicli  they  can  be 
nandled  from  the  central  station  automatically,  and  if  there  were 
any  sufficient  reason  for  it  at  Brighton  it  would  have  been  done 
there,  as  they  were  fully  aware  of  the  method  and  its  feasibility. 

As  to  the  underground  system  at  Newcastle,  the  conductors 
are  not  lead  coverea,  as  I  remember  the  matter,  but  are  covered, 
I  think,  with  jute  or  some  similar  material,  and  the  air  is  chemi- 
cally dried  by  being  passed,  I  think,  over  chloride  of  lime. 

As  to  why  the  cost  of  small  dynamos  and  motors  is  higher  in 
European  practice  than  here  I  do  not  know ;  but  I  am  inclined 
to  think  tnat  one  of   the  reasons  is  that  in  this  country  the 
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present  popular  method  is  for  the  manufacturers  to  bid  on  the 
machine  delivered  f.  o.  b.  without  any  further  work  done  in  con- 
nection with  it,  and  consequently  there  is  very  little  chance  for 
argument  one  over  another,  if  the  machines  are  very  good  and 
the  compcitition  is  very  keen.  Whereas  the  method  abroad  is 
for  the  man  who  builds  it  to  install  it.  In  other  words,  the  men 
who  are  manufacturers  are  generally  electrical  engineers,  and 
they  build  and  wish  to  install  their  own  machines  and  conse- 
quently do  not  care  to  bid  so  low  on  the  dynamo  alone. 

One  of  the  speakers  mentioned  that  there  was  no  reason  why 
there  should  be  any  more  difficulty  in  the  ordinary  locomotive  in 
taking  care  of  the  steam  and  using  it  economically  in  the  cylin- 
der and  delivering  it  rapidly  and  exhausting  it  properly  than 
there  would  be  with  the  Heilmann  locomotive.  But  I  call  at- 
tention to  the  fact  while,  of  course,  it  is  theoretically  conceivable, 
that  we  should  have  a  type  of  valves  independently  controlling 
the  admission  and  exhaust  in  the  ordinary  locomotive,  such  as 
we  have  on  stationary  euffines,  we  Xio  not  have  them.  It  has 
been  tried  and  retried  and  tliev  have  stuck  to  the  simpler  type 
of  Stephenson  link  and  slide  valve,  because  the  additional  econo- 
mies obtained  by  the  use  of  the  higher  class  of  valve  motion  did 
not  compensate  for  the  additional  complications  introduced, 
which,  however,  does  not  apply  at  all  to  a  steam  engine  placed 
above  on  a  platform  in  whicn  the  most  retired  mechanism  can 
be  used  to  the  best  advantage. 

I  would  like  to  call  attention  to  one  thing  that  I  do  not  think 
I  mentioned  in  the  paper,  and  that  is  that  by  actual  test  by  the 
engineer  of  the  Chemin  de  fer  de  I'Ouest,  who  conducted  the 
test  of  the  Heilmann  locomotive,  they  did  operate  the  Heilmann 
locomotive  over  exactly  the  same  distance,  the  same  roadbed, 
running  on  the  same  time,  hauling  the  same  weight,  the  condi- 
tions being  identical  in  every  particular,  and  the  amount  of  coal 
used  by  the  Heilmann  was  24  per  cent,  less  than  the  amount 
used  by  their  best  compound  locomotive.  A  point  which  was 
made  by  one  of  the  speakers  was  that  there  was  no  reason  why  if 
we  used  16  wheels  on  a  steam  locomotive  we  should  not  be 
able  to  do  just  as  well  as  the  Heilmann  does  with  its  16  wheels. 
It  seems  to  me  that  it  would  be  difficult  to  conceive  a  steam 
locomotive  with  16  driving  wheels.  It  would  meet  with  diffi- 
culties upon  the  curves,  and  the  rigidity  of  the  steam  locomotive 
is  certainly  going  to  be  troublesome  if  we  come  to  make  a  ma- 
chine 60  feet  long,  all  upon  the  drivers,  and  I  wish  to  emphasize 
the  point  that  evefy  pound  of  the  weight  of  the  Heilmann  loco- 
motive is  resting  on  springs,  and  there  is  no  rigidity  of  the 
wheel  base.  There  is  tne  tour-axle  bogie  at  one  end  which  has 
a  flexible  arrangement  connecting  it  to  the  platform  above,  and 
a  similar  bogie  at  the  other  end,  and  there  is  no  such  difficulty 
as  regards  rigidity  of  construction  as  it  seems  to  me  would  be 
met  with  in  the  steam  locomotive  under  the  same  conditions. 
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And,  furtherinore,  it  impressed  me  that  there  is  not  an  exact 
parallel,  for  the  reason  tiiat  a  part  of  the  16  wheels  counted  as 
belonging  to  the  steam  locomotive  by  the  speaker  are  on  the 
tender  and  they  are  not  at  all  effective  for  traction. 

As  regards  the  question  of  wear,  and  the  statement  tliat  one- 
third  of  the  cost  of  maintenance  of  roadbed  and  locomotive  is 
represented  by  the  destructive  effects  of  tli#  hammer  blow  and 
side  thrust,  I  certainly  would  not  dare  to  make  any  such  figures 
as  that  for  myself.  I  got  that  iigure  frojn  a  discussion  which 
was  held  recently  before  the  Civil  Engineers'  society  and  the 
ligare  was  one  which  seemed  to  be  agreed  upon  by  more  than 
one  speaker.  The  speaker  who  named  that  figure,  I  think,  was 
Mr.  Strong.  At  any  rate  it  was  one  whose  name  was  familiar  to 
me  as  that  of  a  man  who  has  had  a  very  wide  experience  and  is 
a  pretty  good  judge  of  such  matters  and  whose  statement  ought 
to  be  rather  authoritative. 

Another  point  I  wish  to  bring  out  is  this — they  made  measures 
ments  of  deflection  in  crossing  bridges  in  the  case  of  the  Heil- 
mann  locomotive  and  in  the  case  of  the  compound  reciprocating 
steam  locomotive,  and  the  deflection  measurement  showed  that 
the  deflection  in  the  case  of  the  steam  locomotive  was  80  per 
cent,  more  for  the  same  weight  than  in  the  case  of  the  Heilmann, 
which  of  course  is  attributable  to  this  hammer  blow  effect,  and 
which  one  of  the  speakers  has  pointed  out  has  been  found,  in 
the  case  of  a  little  error  in  the  counterbalancing,  to  be  sufficient 
to  entirely  lift  the  weight  of  the  locomotive  from  the  rails  at 
times,  as  evidenced  by  tests  at  Purdue. 

I  agree  with  one  of  the  speakers  who  said  that  he  thought 
that  our  progress  was  not  in  spite  of,  bnt  by  reason  of  the  big 
corporations ;  because  I  think  tnat  such  progress  in  the  engineer- 
ing line,  as  we  have  been  lately  making,  has  necessarilv  been 
made  by  these  corporations,  because  they  have  blocked  other  ^ 
people  who  were  trying  to  go  ahead. 

The  same  speaker  mentioned  the  misfortune  of  losing  the  flex- 
ibility which  we  had  all  been  attributing  to  the  electric  loco- 
motive as  compared  to  others,  and  that  m  the  HeUmami  that 
flexibility  seemed  to  be  lost.  It  seems  to  me  it  would  be  difiS- 
cult  to  find  a  finer  example  of  the  fiexibility  of  electrical 
transmission  of  power  than  is  illustrated  in  the  Heilmann  loco- 
motive. We  can  have  an  engine  running  at  constant  speed  in 
one  direction,  and  from  that  we  can  get  any  possible  reduction 
or  any  torcjue  we  desire  and  any  speed  in  either  direction,  and 
the  fiexibibty  is  as  perfect  as  is  conceivable  to  my  mind.  In  fact, 
it  seems  as  though  the  electric  energy  were  used  there  as  a  flex- 
ible connecting  rod  acting  through  an  infinite  number  of  gears, 
and  between  the  source  of  power  and  the  work  that  was  to  be 
done. 

Another  point  which  has  occurred  to  me  is  that  conceiving 
that  we  could  put  bigger  boilers  upon  our  locomotives,  bigger 
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drivers  and  cylinders,  until  we  finally  could  secure  the  horse- 

Sower  necessary  to  handle  the  high  speed  or  large  loads,  one 
ifficulty  which  I  have  recently  noted  about  an  engine  of  that 
kind  is  that  it  cannot  start.  It  may  run  at  full  speed  when  it  is 
in  motion  all  right,  but  even  with  the  drivers  we  nave  to-day  and 
with  the  boilers,  etc.,  it  is  impossible  for  the  Empire  State  express 
to  start  itself  at  Albany,  and  it  is  necessary  that  a  freight  loco- 
motive, a  slow  speed  locomotive  with  eight  or  ten  drivers  should 
come  along  at  the  other  end  of  the  train  and  push  it  before  it 
can  start.  No  such  difficulty  as  that  pertains  to  the  Heilmann 
locomotive  or  any  similar  locomotive,  because  there  is  an  un- 
limited torque  for  starting,  and  I  point  out  that  the  two  limit€i- 
tions  in  present  practice  for  locomotives  are  it  seems  to  me,  that 
we  want  to  go  faster,  that  is  one  point  and  as  to  that,  we  have 
ever}'  advantage  in  connection  with  the  electric  locomotive ;  and 
the  other  point  is,  we  want  to  pull  more  freight  cars  up  a  grade, 
and  we  can  do  that  better  with  an  electric  locomotive  than  to  my 
mind  we  can  ever  hope  to  do  with  a  steam  locomotive. 

Communication  Received  After  Adjournment. 

Mr.  Lloyd: — {^Comrnunicated,']  Referring  to  Mr.  Leonard's 
reply  to  the  foregoing  criticisms,  (t(»  which  I  had  no  oppor- 
tunity of  replying  at  the  time,)  I  can  only  say  that  if  Mr. 
Leonard  denies  that  a  first-class  generating  plant  costs  $100  per 
horse-power,  he  is  mistaken.  The  remainder  of  his  reply  is  siniply 
facetious,  and  not  logical  or  consistent.  The  experience  of  engi- 
neers in  this  country  with  batteries  ten  years  ago  lias  no  bearing 
on  the  results  obtained  to-day.  Apropos  of  this,  if  my  infor- 
mation is  correct,  the  express  object  oi  Mr.  Leonard's  visit  to 
Europe  was  to  investigate  steam  turbines,  of  which  he  speaks  so 
glowingly,  with  the  idea  of  adopting  them  for  driving  tlie  gene- 
rators used  in  the  welding  of  street  rails.  Immediately  on  Mr. 
Leonard's  return  he  contracted  for  the  use  of  three  complete 
battery  installations  to  do  this  work  instead  of  the  steem  turbines. 
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Discussion  in  Chicago. 

The  Western  members  of  the  Institute  held  a  meeting  in 
Armonr  Institute  on  Wednesday  evening,  February  27th,  the 
same  evening  as  the  New  York  meeting.  Mr.  B.  J.  Arnold,  the 
Local  Honorary  Secretary,  called  the  meeting  to  order,  about 
forty-live  members  and  visitors  being  in  attendance.  Upon  mo- 
tion, Mr.  C.  K.  McFadden  was  appointed  Chairman.  The 
paper  of  the  evening,  "Notes  on  liecent  Electrical  Engineer- 
ing Development  in  France  and  Ena;land,"  by  Mr.  H.  Ward 
Leonard,  was  read  in  detail  by  Mr.  A.  V.  Abbott,  after  which  it 
was  discussed  at  length  as  follows  : — 

Mb.  B.  J.  Arnold  : — One  point  made  by  the  paper  is  with 
reference  to  the  adoption  of  higher  secondary  voltages  abroad. 
This  is  something  which  we  are  bound  to  come  to  in  this  country, 
and  a  large  number  of  station  managers  are  even  now  adopting 
100  volts  on  secondaries.  For  my  part,  I  can  see  no  reason  why 
it  should  not  be  done,  but  I  think  that  the  cause  of  its  not  being 
looked  upon  favorably  in  the  past,  is  that  people  were  unable  to 
obtain  suitable  lamps. 

On  the  SMeot  ot  the  Steam  Tmhme. — I  was  very^  much  inter- 
ested in  the  Laval  steam  turbine  at  the  World's  Fair.  I  was  in 
its  vicinity  quite  often,  and  I  must  say  thatthe  economy  realized 
by  these  engines  is  something  remarkable,  when  we  consider  that 
they  are  rotary  engines  in  reality.  They  do,  however,  utilize  the 
force  of  steam  quite  expansively  to  an  extent  which  few  other 
rotary  engines  do.  I  uuderstand  that  one  of  the  diflSculties  en- 
countered when  running  at  this  enormously  high  speed  is  to  cause 
the  disk  to  thin  out  near  the  shaft  or  expand  from  the  shaft, 
rendering  it  useless.  There  is  only  one  remedy  for  this,  and  that 
is  to  run  slower,  which,  of  course,  will  reduce  the  efficiency.  At 
a  speed  of  about  30,000  revolutions  per  minute,  the  metal  begins 
to  expand,  the  rim  gets  larger  and  larger,  and  when  the  wheel 
stops,  it  is  of  greater  diameter  than  when  it  first  started. 

On  the  Subject  of  Batteries. — From  the  records  I  have  of 
European  stations,  I  find  that  the  average  commercial  efficiency  is 
about  76  per  cent.  (The  author  gives  60  per  cent.)  His  state- 
ment is  high  enough  at  the  high  rate  of  discharge  which  he  gives, 
but  batteries  should  be,  and  usually  are,  operated  at  a  lower  rate 
of  discharge.  When  operated  properly  at  a  discharge  of  10  per 
cent,  of  tiieir  capacity,  the  average  commercial  efficiency  is  about 
76  per  cent.  The  highest  may  run  up  to  78  per  cent.,  and  the 
lowest  to  73  per  cent.  The  greatest  difficulty  that  we  have  in 
this  country  with  batteries  arises  from  two  causes ;  the  first  is  in 
the  commercial  desire  to  place  something  on  the  niarket  for  as 
little  money  as  possible.  The  result  is  that  there  have  been  a 
number  of  plants  installed  throughout  the  United  States,  which 
have  been  too  small  for  the  work  required  of  them.  The  batte- 
ries were  unable  to  stand  up  under  the  work  and  went  to  pieces 
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in  a  short  time.  Another  f^ide  of  the  same  reason  is,  that  the 
batteries  have  not  had  sufficient  lead  in  them  to  do  the  work ; 
therefore,  their  life  was  very  short.  Battery  plants  have  been 
installed  in  this  country  under  conditions  where  they  never  should 
have  been,  with  the  exception  of  saving  something,  viz.:  in  cases 
where  the  work  has  been  top  great,  and  where  engines  and  dvna- 
mos  should  have  been  installed  instead.  Where  the  average  load 
throughout  the  twenty-four  hours  is  large,  it  is  useless  to  install 
batteries,  except  as  regulators  for  railway  stations,  where  they  will 
show  economy  ;  but  where  the  load  is  at  its  maximum  for  a  few 
hours  each  day,  as  it  is  in  apartment  houses,  and  light  for  the 
larger  part  of  the  time,  they  will  show  a  decided  gain  in  operat- 
ing expenses,  if  properly  installed  and  operated,  as  the  entire 
labor  is  eliminated  from  the  plant  for  over  naif  the  time. 

Some  months  ago,  when  the  Heilmann  locomotive  made  its 
appearance,  I  expressed  a  very  decided  opinion  against  the  general 
plan  of  the  machine  and  what  was  claimed  for  it.  I  have  watched 
Its  record  as  closely  as  possible  from  the  technical  press,  and  fail 
as  yet  to  see  good  reasons  for  changing  my  views  regarding  it. 
The  only  possible  advantages  it  seems  to  me  to  have,  are  the 
ability  of  applying  a  continuous  rotating  effect  or  toraue  to  the 
drivers,  and  the  abolition  of  counterbalancing,  which  is  destructive 
on  roadbed  and  track.  It  has  all  the  disadvantages  of  the  ordi- 
nary locomotive,  so  far  as  cleanliness  is  concerned,  and  is  still 
further  handicapped  by  its  excessive  cost  and  extra  expense  for 
men  in  operating  it.  I  think  its  chief  function  will  be  as  an. 
entering  wedge  for  the  adoption  of  electric  traction  on  steam 
roads,  or  rather  as  a  go-between  between  the  steam  locomotive 
and  the  electric  motor  driven  from  a  central  station. 

Prof.  W.  M.  Stink: — The  paper  covers  so  much  ground 
that  one  is  almost  at  a  loss  to  attempt  a  discussion  of  it  There 
are  a  good  many  things  that  can  be  said  with  reference  to  what 
the  author  calls  the  storage  battery  issue.  I  quite  agree  with  the 
remarks  made  by  Mr.  Arnold.  I  have  seen  ligures  given  in  the 
London  Electrician  within  the  last  month,  giving  energy  effi- 
ciency, not  ampere  efficiency.  In  Europe,  where  they  seem 
to  be  making  most  use  of  the  storage  battery  at  present,  the  con- 
ditions under  which  it  is  operated  are  very  different  from  this 
country,  and  on  this  basis  alone  it  is  questionable  whether  we 
would  be  justified  in  imitating  foreign  practice.  It  can  perhaps 
be  shown  that  a  storage  battery  plant,  when  well  taken  care  of, 
will  prove  satisfactory  and  economical.  This  subject  was  pretty 
thoroughly  discussed  at  the  Cleveland  meeting  fast  week,  and 
there  were  some  very  surprising  figures  given.  I  think,  how- 
ever, that  the  average  central  station  manager  in  this  country  is 
not  very  enthusiastic  over  the  storage  battery. 

Analyzing  the  weight  of  a  locomotive,  we  may  divide  it  into 
three  factors.  The  one  factor  is  that  of  the  supply  weight,  and 
the  weight  of  the  tender  itself.      The  next  factor  is  the  dead 
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weight  on  the  pony  wheels,  and  the  third  factor  is  the  tractive 
weight  on  the  driving  wheels.  If  we  average  the  tractive  weight  of 
the  ordinary  express  locomotive,  the  dead  weight  reaches  the  large 
value  of  4u^'.  We  may  accept  this  as  the  real  condition  of 
affairs,  but  the  40^  dead  weignt  is  what  to  a  great  extent  is 
causing  the  present  railway  financial  condition.  Much  of  the  in- 
crease in  the  cost  of  construction  and  maintenance  of  the  rail- 
ways seems  to  be  necessitated  by  the  useless  weight  carried  by 
the  engine.  It  is  not  the  train  so  much  as  it  is  the  dead  weight 
of  the  locomotive  which  is  responsible  for  these  things.  If  elec- 
tricity is  ever  going  to  accomplish  anything  at  all  it  must  be  in 
lessening;  this  40^  dead  weight.  The  question  of  the  Heilmann 
locomotive  is  whether  it  can  be  reduced  to  the  necessary  tractive 
weight.  I  think  that  the  total  tractive  weight  is  not  excessive 
for  the  speed  the  locomotive  can  attain.  This  question  was 
raised  the  other  day  by  a  railroad  man,  and  for  this  reason  1  have 
made  an  analysis  of  the  Heilmann  locomotive. 

Me.  C.  K.  MaoFadden  : — That  part  of  the  paper  referring  to 
the  Heilmann  locomotive  was  the  most  interesting  section  to  me. 
I  have  made  a  number  of  tests  on  -passenger  locomotives  on 
one  of  our  largest  western  roads,  ana  I  was  prepared  to  find 
some  very  peculiar  results  when  I  started  in  on  that  work.  My 
experience  I  must  confess  was  very  surprising,  when  in  taking 
ray  first  indicator  cards  from  a  modern  ten-wheel  engine,  I  found 
them  to  very  closely  resemble  cards  taken  from  an  automatic  high- 
speed electric  light  engine,  whose  valves  were  in  first-class  condi- 
tion. The  boiler  had  about  1,400  square  feet  of  heating  surface, 
and  I  have  taken  cards  from  the  engine  it  supplied  up  to  1,000 
H.  p.  This  locomotive  was  one  on  which  it  was  impossible  to 
make  the  wheels  slip,  even  with  a  fnll  boiler  pressure,  which 
varied  from  160  to  170  pounds.  The  speeds  ran  as  high  as  70 
miles  per  hour  and  over,  and  all  tests  made  were  on  locomotives 
running  in  the  regu  lar  fast  passenger  service.  The  engine  was  a  new 
one  weighing  90  tons,  and  the  total  weight  of  train  was  450  tons. 
I  have  here  a  few  cards  taken  in  this  test.  The  first  card  shows 
the  action  of  the  valve  motion  when  the  point  of  cut-off  is  being 
altered.  The  second  shows  the  steam  distribution  when  the  en- 
gine is  developing  540  h.  p.  at  26  miles  per  hour ;  the  third  card 
shows  the  engine  running  at  a  high  speed,  66  miles  per  hour, 
developing  904  u.  p.;  the  fourth  shows  it  running  at  42  miles  per 
honr,  o41  h.  p.,  and  the  fifth  shows  it  at  86  miles  per  hour, 
720  H.  p. 

I  will  say  that  I  quite  agree  with  Mr.  Arnold  in  regard  to  the 
Heilmann  locomotive.  I  can  hardly  see  where  the  immense 
economy  can  be  attained  bv  using  such  a  system.  The  first  thing  to 
be  considered  is  the  original  cost.  The  cost  is  given  as  $30,000, 
and,  though  this  is  but  a  single  locomotive,  the  chances  are  that  it 
would  cost  $25,000  in  lots  of  ten.  A  locomotive  can  be  bought 
for  $8,500  to  $8,700,  of  the  size  spoken  of,  on  which  tests  were 
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made  by  me.  It  will  develop  600  h.  p.  continously.  The  wages 
of  a  competent  road  engineer  are  undoubtedly  much  higher  than 
that  of  a  stationary  engineer,  and  the  wages  of  the  help  required 
on  the  Heilmann  locomotive  would  certainly  be  even  greater 
than  on  a  common  locomotive.  Of  course  we  know  that  it  is 
useless  to  expect  the  steam  railroad  to  incur  the  enormous 
expense  necessair  to  give  electric  traction  a  trial,  unless  there 
is  no  doubt  of  its  mcLking  a  large  saving  over  steam.  When 
the  Heilmann  locomotive  is  given  a  thorough  trial,  the  test  of 
electrical  traction  will  have  been  at  an  expense  of  onlj  $3o,000. 
I  think  the  electric  locomotive  has  much  to  commend  it  for  high 
speed  service,  but  I  do  not  think  that  it  will  come  into  common 
use  in  the  form  shown  in  the  French  engine.  I  think  that  as  a 
motor  at  the  front  of  a  train  it  will  have  its  greatest  value.  There 
is  no  doubt  that  a  train  can  be  pulled  by  an  electric  locomotive. 
This  is  certainly  possible,  but  this  is  not  the  question.  The 
question  is  whether  or  not  a  railway  president  can  say  to  his 
stockholders :  "  I  can  make  a  net  saving  m  operating  expen8esi)y 
adopting  electric  locomotives  over  the  best  I  can  do  with  steam.^' 
Mb.  Summers  : — What  about  the  back  pressure  ? 
Mr.  MaoFadden  : — 1  made  a  number  of  tests  on  this  subject, 
and  found  that  the  back  pressure  varied  largely  with  the  en- 
gineer, although,  of  course,  the  exhaust  nozzles  retard  the  steam 
to  some  extent.  Intelligent  work  on  exhaust  nozzles  has  greatly 
reduced  back  pressure,  and  the  back  pressure  shown  on  a  few 
cards  will  explain  ray  meaning,  all  of  the  figures  being  taken 
from  the  same  engine  the  same  day  : 

560  H.  p.,  18  miles  per  hour.     Maximum  back  pressure,  28  lbs. 
900     "     ^^      "  "  "  "  15   " 

720     "     36      "  '^  "  *•  13   " 

I  tried  letting  the  lever  down  to  the  last  notch  when  running 
at  30  miles  per  liour,  and  found  that  the  back  pressure  ran  up  to 
56  lbs.  The  thermal  storage  in  a  locomotive  boiler  comes  mto 
play  in  a  very  remarkable  way.  A  boiler  can  supply  for  a  limited 
time  1,000  or  1,100  h.  p.,  but  will  not  supply  more  than  600 
H.  p.  continuously.  I  found  that  in  hauling  this  particular  train, 
which  was  a  very  fast  one,  the  amount  of  fuel  used  was  very 
reasonable.  A  ton  of  cheap  coal  will  carry  a  train  of  this  kind 
28  miles,  the  locomotive  making  possibly  4,500  miles  in  a  month, 
which  is  twice  the  distance  traveled  by  the  Heilmann  locomotive 
as  yet.  A  pound  of  coal  is  equivalent  to  5. 1  ton  miles.  On  an- 
other series  of  tests  which  we  made,  we  found  that  we  averaged 
for  a  week  8.2  lbs.  of  water  per  pound  of  coal.  This  coal  was  a 
good  grade  of  Pittsburg  coal.  The  average  on  some  1 ,0l)0  differ- 
ent locomotives  was  found  to  be  from  5  to  6  lbs  of  water  per  pound 
of  coal,  the  fuel  being  cheap  Illinois  bituminous  coal.  As  I  say, 
this  engine  was  handled  in  a  proper  way.  The  valves  were 
balanced,  so  that  it  was  a  comparatively  easy  matter  to  manage 
the  valve  motion.     I  simply  give  this  as  an   example   of  such 
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an  engine,  as  it  is  nsed  to  a  great  extent  on  a  number  of  our 
largest  roads. 

Iwonld  say  in  conclusion,  that  the  average  locomotive  is  hardly 
a  fit  standard  from  which  to  judge  the  saving  to  be  effected  by 
the  use  of  electricity.  There  is  often  a  great  difference  in  differ- 
ent engineers,  sometimes  30  per  cent,  being  the  saving  effected 
by  one  engineer  over  another  on  the  same  train  and  engine. 
Three  months'  work  among  the  engineers  of  a  prominent  Western 
railroad  by  its  superintendent  of  motive  power  has  already  ef- 
fected a  saving  which  will  pay  6  per  cent,  interest  on  nearly  two 
millions  of  dollars,  and  he  thinks  his  work  has  hardly  com- 
menced. 

Mr.  a.  V.  Abbott:— I  was  called  upon,  some  years  ago,  to 
design  a  plant  for  electric  limiting,  in  which  the  circuit  spread 
over  a  considerable  territory.  The  station  was  operated  by  water 
power,  the  cost  per  annum  being  $5  per  h.  p.,  so  that  the  expense 
of  the  power  was  comparatively  small.  The  town  was  laid  out 
in  a  series  of  blocks  extending  in  three  parallel  lines  away  from 
the  station.  The  design  of  the  plant  involved  operating  at  3,000 
volts  alternating,  running  a  series  of  feeders  irom  the  station. 
The  center  of  distribution  was  located  as  nearly  as  possible  at  the 
electrical  center  of  gravity  of  the  leading  section  of  the  town. 
The  transformers,  instead  of  being  placed  in  each  house,  were 
arranged  on  the  diagonally  opposite  corners  of  each  block^ 
and  the  secondary  mains  were  arranged  upon  the  three-wire 
system.  By  this  means,  with  the  use  of  a  comparatively  small 
amount  of  power  in  the  secondaries,  the  transformer  load  was 
steadied  to  a  great  extent,  a  notable  saving  in  the  number  of 
transformers  and  connections  being  accomplished  ;  and  the  ex- 
periments showed  that  the  transformers  were  operated  at  about 
80  per  cent,  of  their  calculated  load. 
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New  York,  March  20,  1895. 

The  95th  meeting  of  the  Institdte  was  held  this  date  at  12 
West  Thirty-first  Street,  and  was  called  to  order  by  President 
Houston,  at  8.05  p.m.  Eight-five  members  and  guests  were  pres- 
ent. 

The  minutes  of  the  meeting  of  February  27th  were  read  by  the 
Secretary  and  approved. 

The  Secretary  : — The  following  are  the  names  of  Associate 
Members  elected,  and  transferrea  to  full  membership  at  the 
Council  meeting,  held  March  20. 

Address.  Endorsed  by 

Electrical  En^neer,  General  Electric C.  P.Steinmetz. 

Co.; residence,  58  Washington  Ave.,   H.  M.  Hobart. 

Schenectady,  N.  Y.  H.  G.  Reist. 

Electrical  Engineer,  Thorburn  Reid. 

General  Electric  Co.,  C.  P.  Steinmetz. 

Schenectady.  N.  Y.    H.  M.  Hobart. 

81  Maple  wood  Avenue.  Harris  J.  Ryan. 

Pittsfleld,  Mass.  Ernest  Merritt. 

Fred'k  Bedell. 


Name. 

BoYLES,  Thomas  D. 


Davis,  W.  J.,  Jr. 
Duncan,  John  D.  E. 
EsTY,  William 
Frost,  Joseph  W. 
Garrels,  W.  L. 

GiLMORE,  LuCIEN  H. 

Grist,  James  E. 
Hiss,  Wm.  J.,  Jr. 


Instructor  in  Electrical  Engineering,        C.  R.  Cross. 

State  University,  Jas.  B.  Cahoon. 

Champaign,  HI.       D.  W.  Shea. 

Secretary,  National  Automatic  Fire  G.  H.  Stockbridge. 

Alarm,  335  Broadway,  New  York      Jos.  Wetzler' 

City.  R.  W.  Pope.* 

Student,  Westinghouse  Electric  and    Fred'k  Bedell. 

Mfg.   Co. ;    residence,   4531    West  Ernest  Merritt. 

Pine  Boulevard,  St.  Louis,  Mo.  H.  J.  Ryan. 

Assistant  in  Physics,  F.  R.  Medina. 

Stanford  University,  F.  A.  C.  Perrine. 

Palo  Alto.  Cal.      Geo.  P.  Low. 

Mechanical   En^neer,   Phila.   Trac-     H.  S.  Bering. 

tion   Co.;   residence,    918    North  F.Uhlenhaut,Jr. 

44th  St.,  Philadelphia,  Pa.  C.  A.  Bragg. 

Senior  in   Electrical  Dept.,   Lehigh   W.  H.  Powell. 

University;    residence,  28  Market       R.  W.  Pope. 

St.,  Bethlehem,  Pa.  E.  Caldwell. 
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JoxES,  Hekrt  C. 
Larrabeb,  Rollen  N. 

MlDOLEMISS,  p.  R. 

Mora,  Mariano  L. 
MosMAN,  Chas.  T. 
Mershon,  Ralph  D. 
o'sui^uvan,  m.  j. 
Patton,  Price  I. 
Shock.  Thos.  A.  W. 
Stantok,  Chas.  H. 

Stratton,  Alex. 
Total,  20. 


Member  of   firm,  the  Electric  Con-  A.  B.  Worswick. 

struction  and  Supply  Co.,  Mont- A.  F.  McKissick. 

gomery,  Ala.  C.  H.  Smith. 

With  the  Western  Electric  Co. ;  H.  F.  Albright. 

residence,  80  W.  25th  St..        G.  A.  Hamilton. 

New  York  City.      E.  S.  Keefer. 

Post  Graduate  Student,  Mech.  and     Brown  Ayres. 

Elec.  Engineering,  Tulane  Univer-    A.  M.  Schoen. 

sitv.  New  Orleans,  La.;  residence,      R.  W.  Pope. 

16*16  Felicity  St. 

C.  E,,  E,  K,  68  West  70th  St„  F.  B.  Crocker. 

New  York  City.  Max  Osterberg. 

W.  H.  Freedman. 

Electrical  Engineer,  General    Elec-  C.  P.  Steinmetz. 

trie  Co  ;  residence,  58  Washing-    H.  M.  Hobart. 

ton  Ave.,  Schenectady,  N.  Y.  H.  G.  Reist. 

Electrical  Engineer,  C.  A.  Terry. 

Westinghouse  Elec.  and  Mfg.  Co.,  H.   A.  Craigin. 

Pittsburg,  Pa.  F.  N.  Waterman. 

Superintendent,  Electric  Light,  B.  &    E.  J.  Houston. 

O.  R.  R.  Co  ;  residence,  227  Mount  A.  E.  Kennelly. 

St.,  Baltimore,  Md.  Louis  Duncan. 

Sheble  &  Patton .  Ltd. ,  1022  Arch  St. ,  F.  Sheble. 

residence,  8W6  Walnut  St..  Phila-  Knowles  Perot. 

delphia,  Pa.  C.  M.  Blanchard. 

Electrical  Engineer,  Geo.  P.  Low. 

Electric  Light  and  Power  Co.,       F.  F.  Barbour. 

Sacramento,  Cal.  W.  F.  C.  Hasson. 

With  C.  H.  &  H.  Stanton  Electrical  A.  E.  Kennelly. 

Contractors,    1517    Walnut    St.;    E.J.Houston. 

residence,  184  So.  3d  St.,  Philadel-  W.  C.  L.  Eglin. 

phia,   Pa. 

With  Crocker-Wheeler  Electric  Co.,    F.  B.  Crocker. 

N.  Y. ;  residence,  2013  5th  Ave.jjMax  Osterberg. 


New  York  City. 


W.  H.  Freedman. 


TRANSFERRED  FROM  ASSOCIATE  TO  FULL  MEMBERSHIP. 


Approved  by  Board  of  Examiners,  December  17,  1894. 
Powell,  William  Hbnrt    Electrician.  Mather  Electric  Co.,  Manchester,  Conn. 
Kimball,  Alokzo  S.  Professor   of    Physics  and  Electrical  Engineering, 

Worcester  Polytechnic  Institute, Worcester,  Mass. 
Mix,  Edgar  Woods  Electrician,  Thomson-Houston    International    Elec- 

tric Co.,  Paris,  Prance. 
ToUl,  3. 

At  the  same  meeting  the  returns  from  the  nominatioH  sheets 
sent  in  by  the  various  members  were  canvassed  by  the  Coun- 
cil, and  the  following  ticket  was  prepared,  to  be  known  as  the 
Council  ticket,  as  provided  by  the  Rules: — 

For  President,  Dr  Louis  Duncan  of  Baltimore. 

For  Vice-Presidents,  Dr.  M.  I.  Pupin  of  New  York  City,  W.  F.  C.  Hasson  of 

San  Francisco,  A.  S.  Hibbimi  of  Chicago. 
For  Managers.  Carl  Hering  of  Philadelphia,  Bion  J.  Arnold  of  Chicago,  Charles 

F.  Scott  of  Pittsburg,  Dr.  Cary  T.  Hutchinson  of  New  York  City. 
For  Treasurer,  George  M.  Phelps  of  New  York  City. 
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The  regular  ballot  sheet  will  be  sent  out  bv  the  Secretary,  as  re- 
quired by  the  Rules  on  or  before  the  15th  of  April,  and,  as  usual, 
will  contain,  in  addition  to  the  Council  ticket,  the  names  submitted 
by  the  members  for  the  various  offices.  This,  of  course,  enables 
every  member  to  vote  for  any  candidate  he  may  select,  under 
what  is  known  as  the  Australian  system. 

The  President: — If  there  is  no  other  business  which  the  meet- 
ing wishes  to  take  up  now,  we  will  proceed  to  the  ifegular  business. 
I  take  pleasure  in  introducing  Prof.  Harris  J.  Ryan,  who  will 
read  a  paper  on  "  A  Method  of  Preventing  Armature  Reaction.'* 

Pbof.  Kyan  : — By  way  of  introduction,  I  wish  to  call  your  at- 
tention to  certain  points  in  connection  with  orthodox  practice,  in 
the  design,  construction,  and  operation  of  direct  current  dynamo 
electric  machinery.  In  the  first  place,  you  all  remember  that  it 
is  necessary,  in  order  that  a  proper  commutation  fringe  at  all 
working  load  outputs  be  maintained,  that  a  proper  reluctance  of 
the  air-gap  be  used  in  machinery  usually  designed  for  incan- 
descent lighting,  or  for  purposes  where  the  load  output  fluctuates 
seldom  and  very  slowly,  so  that  the  attendant  can  be  depended 
upon  for  the  gradual  shifting  of  the  brushes  as  the  neutral  point 
changes.  Here  smooth  bodied  armatures  are  used,  and  the  length 
of  the  air-gap  is  so  adjusted  that  it  is  necessary  to  place  as  initial 
ampere-turns — for  producing  that  flux  througti  the  armature 
which  is  necessary  for  the  normal  pressure  to  be  developed 
by  the  armature,  that  number  of  ampere-turns  that  shall  be 
greater  at  all  times  than  the  ampere-turns  on  the  armature 
at  any  particular  load.  Now,  that  did  very  well,  when  one 
followed  out  that  rule  for  the  construction  of  machinery  that 
should  operate  in  practice  for  incandescent  lighting  with  success, 
and  with  smoothness  as  to  commutation,  ease  in  the  commutation 
fringe,  and  in  general  behavior.  But  later  on  was  developed,  of 
course,  on  account  of  the  demand  for  railway  power  supply,  a 
generator  that  would  supply  a  power  load  that  would  fluctuate 
very  much  through  very  wide  ranges,  in  very  short  amounts  of 
time ;  and  you  could  not  depend  at  all  on  an  attendant  to  be  pres- 
ent to  shift  the  brushes  into  an  easy  and  proper  position  of  com- 
mutation, and  it  was  necessary  to  so  design  this  machine  that  spark- 
less  commutation,  so  far  as  possible,  at  any  rate,  could  be  obtained 
at  all  load  outputs  without  shifting  of  the  brushes.  Without  the 
carbon  brushjtnis  could  never  have  been  accomplished.  With  metal- 
lic brushes  it  makes  no  difference  even  if  one  does  adhere  to  the  rule 
of  maintaining  an  excitation  from  pole-face  to  pole-face,  a  magneto- 
motive force  that  will  always  be  ahead  of  the  armature  ampere- 
turns,  and  even  if  one  does  maintain  a  positive  fringe  for  com- 
mutation of  a  considerable  value,  you  would  have  sparking  with 
metallic  brushes  at  no  load,  if  you  had  no  sparking  at  full  load, 
or  the  reverse  of  this.  The  carbon  brush  was  appfied  with  very 
material  success,  and  if  Mr.  Steinmetz,  at  the  Phnadelphia  meet- 
ing, had  had  a  little  more  time  probably  he  would  have  called 
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your  attention  to  its  use  in  commutation,  in  addition  to  the  very 
mteresting  remarks  that  he  made  on  the  beneficial  results  that 
are  obtained  by  maintaining  a  positive  fringe  by  the  use  of 
saturated  lugs  in  the  ironclad  armature.  In  the  first  place,  it 
will  be  remembered  from  the  discussion  in  connection  with  one 
of  the  papers  at  the  Philadelphia  meeting,  that  Mr.  Steinmetz 
called  the  attention  of  the  members  present  to  the  fact  that  if 
you  use  saturated  lugs,  normally  saturated  lugs,  in  an  ironclad 
armature,  you  might  then  use  a  comparatively  small  air-gap  and 
that  the  lu^  would  not  allow,  (when  you  applied  series  ampere- 
turns)  the  mduction  to  be  increased  by  the  apphcation  of  those 
series  ampere-turns,  which  you  know  are  necessary  in  order  that 
a  fringe  shall  be  maintained  positive.  Series  ampere-turns,  if 
we  have  small  initial  ampere-turns — that  is  by  initial  ampere- 
turns  I  mean  those  ampere-turns  that  will  bring  the  induction 
up  to  the  normal  at  no  load — and  they  are  always  small,  of  course, 
if  we  have  a  small  air-gap ;  now  if  we  apply  series  ampere-turns 
on  the  field  in  proportion  to  the  load,  we  can  very  easily  adjust 
those  series  ampere-turns,  so  that  the  magneto-motive  force  from 
pole-face  to  pole-face  will  be  ahead  of  the  armature  ampere-turns 
at  all  times.  But  we  have  to  contend  with  this  troublesome 
feature  that  is  introduced,  if  we  do  not  design  the  machine  to 
guard  against  it:  that  the  induction  will  come  up  with  the  ap- 
plication of  such  series  ampere-turns,  which  you  remember  are 
applied  for  the  purpose  of  maintaining  a  positive  fringe  under 
the  leading  pole  comer,  so  as  to  have  the  machine  coinmutate  as 
well  as  possible,  at  least  under  the  load,  without  bad  effects  at 
the  brusnes.  Now  it  was  explained  at  that  time  by  Mr.  Stein- 
metz that  if  one  saturates  these  lugs,  (see  Fig.  24  as  used  at  board),, 
that  you  would  in  that  way  keep  the  induction  from  being  in- 
creased under  the  trailing  pole  comers,  while  you  might  allow 
it  to  be  diminished  a  little  bit  under  the  advanced  pole  comers, 
and  the  relations  adjusted  in  such  a  respect  that  you  could  add 
on*  series  ampere-turns  in  this  way  with  this  smi^ll  air-gap  in 
such  amount  that  the  impressed  ampere-turns  under  the  leading 
pole  corners  at  all  loads  would  be  ahead  of  the  armature  ampere- 
turns.  In  that  way  you  would  have  a  positive  fringe  and  no 
danger,  even  on  very  heavy  overloads,  of  having  it  come  ta 
zero  or  reverse  with  corresponding  disruptive  effects,  which 
always  occur  at  the  brushes.  With  metallic  brushes,  even  under 
those  circumstances  we  should  have  a  very  bad  behavior,  and  it 
is  in  connection  with  the  points  involved  in  the  use  of  carbon 
brushes  that  I  now  want  to  engage  your  attention.  If  you  can 
keep  up  the  fringe  then,  (or  the  induction  under  the  leading  pole 
comers)  to  a  considerable  extent,  a  very  fair  fraction  of  the  nor- 
mal induction  throughout  a  large  portion  of  the  range  of  load,  un- 
less there  are  too  many  ampere-turns  on  the  armature,  you  can 
depend  on  the  resistance  of  a  carbon  brush  for  reversing  the  cur- 
rent.    First  of  all  you  can  push  a  carbon  brush  over  into  the 
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neighborhood,  of  a  pretty  lar^  portion  of  the  commntative  fringe, 
or  tne  induction  in  the  leading  pole  comer,  and  on  account  of 
its  resistance,  not  have  much  current  circulate  in  the  coils  pas- 
sing the  point  of  commutation.  And  then  again  when  the  cur- 
rent comes  up  under  load,  and  pressure  is  needed  to  reverse  the 
current  on  account  of  the  self-induction  of  this  section,  as  a  bar 
is  passing  out  from  under  a  carbon  brush  the  section  in  contact 
with  the  carbon  brush,  with  the  bar  havihg  the  current  in  the 
right  direction  coming  from  this  side,  (indicating  with  the  use 
of  Fig.  24,)  with  the  conductors  moving  in  that  direction,  that 
section  grows  smaller  and  smaller  every  instant,  and  finally  is 
nothing  as  it  passes  out  from  under ;  that  current  density  even- 
tually goes  very  high.  The  current  has  not  yet  been  reversed 
in  tue  neighboring  coil.     It  must  be  reversed,  however,  com- 
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Fio.  24.   (On  blackboard.) 

pletely,  and  brought  up  to  the  full  value  of  the  normal  before 
it  passes  out,  if  any  disruptive  effect  is  not  to  occur.  Now  as 
this  goes  on,  a  very  considerable  local  fall  of  potential  occurs 
there  (at  a,  in  Fiff.  24)  and  diverts  a  very  appreciable  amount  of 
the  pressure  of  tne  armature  against  the  current  that  is  in  this 
coil  m  the  former  direction  that  it  had  on  this  side  of  the  brush, 
and  in  that  way  the  current  is  made  to  reverse  through  the 
action  of  the  resistance  of  the  carbon,  and  is  the  great  reaton 
why  the  carbon  brush  works  witJi  such  wonderful  smoothness  on 
the  old  smooth-bodied  armature  where  there  is  very  little  self- 
induction  in  the  sections,  and  works  with  greater  smoothness  by 
far  than  any  special  metallic  brush  you  could  apply  with  the 
power  generators,  with  the  ironclad  armatures,  for  tne  substan- 
tial mounting  of  conductors. 
And  then,  while  we  are  at  this  point  in  connection  with  ortho- 
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dox  practice,  it  seems  to  me  that  the  tendedcy  at  the  present  day 
is  so  far  as  possible  to  do  away  with  those  T-shaped  teeth.  That 
increases  the  self-induction  oi  the  section  to  a  very  considerable 
extent.  Now  these  teeth  are  made  in  that  shape  for  two  purposes, 
one  is  to  prevent  the  fluctuation  of  the  induction  density  in  the 
pole-piece,  and  that  of  course  must  be  prevented  wheu  tne  pole- 

f)iece  is  not  laminated ;  and  the  other  is,  that  by  using  the  T  shaped 
ug  you  are  able  to  mount  in  a  very  mechanical  ana  workmanlike 
manner  the  conductors  on  (h^  armature.  But  a  part  of  these  teeth 
can  be  made  T-shaped,  and  the  remainder  straight,  and  in  that  way 
the  self-induction  of  the  section  is  reduced  very  materially  over 
the  present  practice,  or  rather  the  practice,  at  any  rate,  that  has 
been  in  vogue  within  the  last  two  years.  You  find  the  makers 
nowadays  in  many  instances  resorting  to  the  use  of  a  field  core, 
made  up  entirely  of  laminated  iron,  or  pole- pieces  of  laminated 
iron ;  or  again,  with  these  solid  pole-pieces,  straight  lugs  are  used 
in  recent  designs,  and  the  air-gap  distance  so  adjusted  that  the 
Foucault  current  effects,  the  eadies  developed  in  this  pole-face, 
Are  such  that  desirable  results  are  obtained. 

Now  I  have  called  your  attention  to  the  fact  that  in  all  of  this 
orthodox  practice,  the  practice  by  means  of  which  definite  and 
the  best  results  are  obtained  to-day,  it  is  necessary  to  use  the  field 
ampere-turns  somewhere,  that  will  be  ahead  in  magneto-motive 
force  impressed  between  the  pole-faces  ahead  of  the  armature 
ampere-turns  at  any  load,  if  best  results  are  to  be  obtained.  And 
in  the  paper  we  shall  look  into  the  use  of  coils  that  will  annul 
the  effect  of  the  conductors  along  the  surface,  and  will  see  how, 
when  that  is  done,  the  ampere-turns  that  are  applied  on  the  field, 
are  only  those  that  are  necessary  to  set  up  the  induction  regardless 
entirely  of  any  of  these  commutative  requirements.  Jn  other 
words,  one  has  the  same  magnetic  conditions  to  look  out  for  in 
'estimating  the  excitation  forces,  as  you  have  in  an  alternator  that 
is  free  irom  self-induction  in  its  own  armature  circuit,  and  is 
working  on  a  non-inductive  load.  Fou  are  quite  free  from 
Armature  reaction  effects,  and  a  very  small  excitation  suffices. 
These  pernicious  cross-leakage  effects  that  occur  with  the  use  of 
deep  grooves  and  saturated  higs  under  the  trailing  pole  comer 
(inaicated  in  Fig.  24)  are  quite  obviated,  so  that  woven  or  sectioned 
conductors  are  not  necessary.  The  output  of  machines,  all-told, 
has  been  increased  through  the  application  of  such  considerations 
very  materially. 

(rrof .  Ryan  then  read  the  following  paper.) 
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the  American  Institute  of  Electrical  Engineer t^ 
New  York^  President  Houston  in  the  Chair ^  and 
Chicago^  Mr.  S.  Arthur  Rhodes  in  the  Chair^ 
March  20th^  18015, 


A  METHOD  FOR  PREVENTING  ARMATURE 
REACTION. 


BY   HARRIS   J.  RYAN   AND  MILTON   E.   THOMPSON. 

In  the  designing  of  continuous  current  dynamo  machinery^ 
probably  nothing  has  presented  so  much  diflSculty  as  the  problem 
of  avoiding  the  various  evils  resulting  from  the  magnetic  effects 
of  the  current  that  passes  through  the  armature  of  the  machine. 
Such  magnetic  effects  are  usually  spoken  of  as  armature  reaction. 
These  evils  are  at  the  present  time  well  known,  and  pretty  well 
understood  by  the  electrical  fraternity  in  general,  and  the  modem 
dynamo  designer  who  is  not  thoroughly  well  posted  on  the  sub- 
ject, would  be  wholly  unable  to  design  machinery  capable  of 
successful  competition  with  some  of  the  machines  now  on  the 
market.  The  tendency  of  the  currents  that  circulate  in  the  ar-^ 
mature  coils  is  to  produce  a  cross  magnetism  through  the  core  at 
right  angles  to  the  natural  field,  resulting  in  a  distortion  of  the 
natural  field  of  the  dynamo, — a  piling  up  of  the  magnetic  lines 
under  the  trailing  pole  corners,  and  a  weakening  of  the  field  under 
the  leading  pole  corners.  This  distortion  of  course,  increases 
with  the  current  furnished  by  the  machine,  and  if  not  specially 
provided  against,  it  may  result  in  bringing  the  trailing  pole  cor- 
ners to  complete  saturation,  and  in  completely  reversing  the  field 
under  the  leading  pole  corners.  While  this  distortion  is  no  great 
evil  in  itself,  the  resultant  effects  may  be,  and  usually  are  very 
serious  evils.  All  distortion  of  the  natural  field  of  a  dynamo  is 
sure  to  be  attended  by  a  diminution  of  the  field  strength  resulting 
in  a  falling  off  of  the  e.  m.  f.  produced  by  the  dynamo,  and  if  the 
distortion  be  very  great,  no  amount  of  compounding  will  cause 
such  a  dynamo  to  give  constant  potential.     The  most  serious  evil, 
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however,  arises  from  the  fact  that  the  weakening  of  the  field  at  the 
leading  pole  comers  results  in  a  shifting  forward  of  the  neutral  point 
or  diameter  of  commutation  of  the  dynamo.  The  amount  of  such 
shifting  depends  on  the  amount  of  distortion,  and  this  in  turn 
varies  with  the  load  on  the  machine.  Consequently  if  the  brushes 
are  set  on  the  normal  neutral  point  when  running  light,  the  ma- 
chine will  spftrk  badly  under  load,  and  it  becomes  necessary  to 
keep  shifting  the  position  of  the  brushes  to  meet  every  variation 
in  load.  More  than  this,  unless  the  pole  tips  or  armature  lugs 
are  saturated,  a  point  of  loading  is  soon  reached,  beyond  which 
one  finds  no  diameter  of  sparkless  commutation,  and  the  output 
of  the  machine  has  reached  a  maximum  at  this  point,  notwith- 
standing the  fact  that  the  load  may  be  below  that  allowed  by  a 
safe  heating  limit.  These  facts  as  before  stated,  are  well  under- 
stood by  the  more  competent  dynamo  designers,  and  receive  the 
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most  careful  consideration  in  the  preparation  of  new  designs.  It 
must  be  confessed,  however,  that  the  principal  part  of  the  knowl- 
edge on  this  subject  is  the  result  of  dearly  bought  experience  and 
costly  experiments,  rather  than  of  scientific  study  of  the  princi- 
ples involved.  Designers  of  dynamo  machinery,  with  few  ex- 
ceptions, instead  of  aiming  to  prevent  armature  reaction,  have 
endeavored  to  avoid  its  bad  effects  in  various  ways,  and  in  some 
cases  with  fairly  good  results.  The  distorting  effects  of  armature 
reaction  become  less,  in  proportion  as  the  reluctance  of  the  air-gap 
and  armature  core  teeth  are  increased,  and  the  wiser  designers  of 
the  present  day,  taking  advantage  of  these  facts,  are  producing 
some  very  creditable  machines.  Probably  some  of  them  still  be- 
lieve, as  some  of  the  very  best  authorities  on  the  subject  of 
dynamo  machinery  have  confessed  to  believing  until  quite  re- 
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cently,  that  armatnre  reactioD  is  a  necessary  evil,  and  if  it  were 
possible  to  prevent  it  entirely,  the  whole  utility  of  the  machine 
would  disappear  at  the  same  time. 

While  making  a  thorough  consideration  of  the  subject  of  ar- 
mature reaction  some  time  since,  one  of  the  authors  of  this  paper^ 
devised  a  means  of  entirely  preventing  armatnre  reaction  and 
resulting  field  distortion.  On  looking  up  the  literature  of  the 
subject  we  found,  mainly  through  the  patent  office  records,  tliat 
there  were  several  workers  in  the  field  at  a  comparatively 'early- 
date,  viz.:  Prof.  Elihu  Thomson,  Messrs.  Andrews  and  Spencer, 
Mather,  Forbes,  and  possibly  one  or  two  others.  The  specifica^ 
tions  given  by  Andrews  and  Spencer  indicate  clearly  the  techni- 
cal side  of  this  method  for  preventing  armature  reactions,  while 


Fig.  2. 


Pio.  8. 


our  part  appears  in  the  development  of  a  plan  for  the  practical 
application  of  the  scheme  technically  outlined  by  them  in  1886. 
This  method  consists  in  general  in  surrounding  the  armature 
with  a  stationary  winding  exactly  similar  in  its  magnetic  effecta 
to  the  armature  winding,  but  directly  opposed  to  it,  and  thus 
completely  balancing  all  armature  reaction.  Fig.  1  is  a  diagram 
that  shows  the  manner  in  which  the  coils  are  applied.  Holes  are 
provided  immediately  back  of  the  pole  surfaces,  and  through  these 
holes  are  wound  conductors  which  are  placed  in  series  with  the 
armature.  The  number  of  ampere-turns  of  the  balancing  coils 
crossing  each  pole  face  is  eqiud  to^  and  opposite  in  direct/ton  to 
the  number  of  arnipere-tums  on  the  corresponding  part  of  the 
armature. 
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A  small  bi-polar  machine  of  about  2^  kilowatts  capacity  was 
designed,  constructed  and  tested  during  the  spring  and  summer 
of  1891,  and  the  results  obtained  were  very  encouraging,  demon- 


Fig.  4. 

strating  beyond  doubt  the  correctness  of  one's  understanding  of 
the  principles  involved.  Since  that  time  some  half-dozen  or  more 
multipolar  machines  of  various  sizes  have  been  designed  and  con- 
structed.    All  employ  these  balancing  coils  with  various  mocfifi- 
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cations  of  design  and  gave  the  following  results. 

Brief  mention  of  these  results  have  been  made  heretofore  in 
the  literature,  while  a  complete  report  of  the  same  is  now  made  for 
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the  first  time.^  Figs.  2  and  3  are  side  and  vertical  views  of  the 
first  machine ;  Fig.  4  is  a  side  view  of  the  toothed  armature;  and 
the  following  are  the  essential  data  of  construction : 

Field  of  cast-iron,  two  poles 

Diameter  of  the  armature  core  over  all 6  in. 

Length  of  armature  core 6  in. 

Number  of  teeth 64 

Number  of  commutator  bars 64 

Armature  turns  per  bar 8 

Size  of  armature  conductor,  b.  «  s.  o 12 

Resistance  of  armature,  ohms 34 

Speed,  B.  p.  M 1800 

Output,  amperes 25 

Output,  volts 100 

Turns  on  field,  250  of  No.  7,  b.  *  s.  o 

Balancing  turns,  wound  in  six  grooves  per  pole  face,  16  turns 
per    groove,  or  a  total  of  96  turns    of  No.  8  b.  *  s.  o. 
Resistance  of  balancing  coils,  ohms 24 


20  30 

Pig.  5<7. 


For  dimensions  of  slots  to  accomodate  balancing  winding  see 
Fig.  2. 

The  diagram  of  Fig.  5  gives  the  excitation  characteristic  at  no 
load  and  a  speed  of  1660  r.  p.  m.     Fig.  5a  is  a  diagram  of  results 

1.  **0n  a  Method  for  Balancing  Armature  Reaction,"  Sibley  Journal  of  Engi- 
neering^ Oct.  1892,  vol.  vii,  p.  17.  '*Electromagnetism  and  the  Construction 
x>t  Dynamos,"  by  Dugald  C.  Jackson,  p.  172.  ,  .  . 
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obtained  by  actual  observation  made  on'  this  machine  when  over- 
loaded at  normal  excitation  and  speed,  with  and  without  the 
balancing*coil8.  The  pressure  readings  were  taken  at  the  brushes, 
and  do  not  include  the  drop  through  the  balancing  coils  when 
they  were  used.  Characteristic  i  was  obtained  without  the  use 
of  the  balancing  coils ;  characteristic  ii  with  the  balancing  coils ; 
and  characteristic  m  is  the  same  as  ii  with  the  balancing  coils, 
when  corrected  for  drop  in  pressure  due  to  armature  resistance. 
The  same  field  excitation  of  2600  ampere-turns  was  maintained  at 
all  times.     It  should  be  noted  that  without  the  balancing  coils 


10O 

/ 

\ 

/ 

\ 

BO 

f^ 

\ 

J 

r 

\ 

90 

^ 

,i 

f 

\ 

\ 

S 

^ 

\ 

V 

40 

f 

r 

\ 

A 

f 

i 

\ 

X 

* 

J 

f 

3 

20 

c^ 

V 

__/ 

/ 

lit  / 

\ 

s 

/ 

aj 

\ 

»  'i 

O    2 

r  ^ 

A    i 

1 

^    ^ 

0   s 

2  a 

4  a 

8   4 

6  i 

PC 

9ITI 

3N( 

i 
F8C 

i    1 

>     1 
iSH 

n 

1-    1 

^ 

_/ 

I 

\M\ 

rn 

fAT 

bST 

""" 

Fig.  6. — Exploration  Curye  at  No  Load.  e.  m.  f.  105  v.  Exciting  Current* 
10.4  c.  Speed,  1,800  R.  p.  m.  Operated  as  a  Motor.  Without  Balanc- 
ing Coil. 


the  pressure  falls  oflf  uniformly  and  rapidly,  from  109  volts  at  no 
load,  to  41  volts  at  a  load  of  50  amperes,  with  violent  sparking 
at  all  ranges  of  tlie  overload.  The  potential  differences  due  to 
the  resistances  of  the  carbon  brushes  were  not  nearly  enough  to 
reverse  the  currents  in  the  coils  while  under  the  brushes,  against 
the*opposing  e.  m  f.'s  produced  by  the  reversed  fields  established 
by  the  powerful  armature  reactions.  The  e.  m.  f.  at  the  brushes 
falls  off  with  a  rapidity  that  is  greater  than  that  which  would  be 
due  alone  to  the  resistance  of  the  armature,  because  of  the  throt- 
tling action  of  those  parts  of  the  magnetic  circuit  that  become 
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saturated  by  the  concentration  of  the  induction  by  the  route  of 
the  trailing  pole  corners.  In  marked  contrast  was  the  corres- 
ponding behavior  of  the  machine  with  the  balancing  coils  in 
circuit,  as  illustrated  by  curve  ii.  There  was  no  sparking  at  any 
point  of  the  overloading;  the  brushes  were  fixed  on  the  no  load 
position,  ^.  «.,  at  the  zero  of  field  induction,  and  at  all  loads  the 
currents  in  the  sections  were  easily  reversed  without  spark,  by 
the  potential  differences  that  wwe  caused  by  the  resistance  of  the 
carbon.     There  was  no  observable  falling  off  of  the  induction 
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V.  =  97.    c  =.  24.    Exciting  Current, 
Operated  as  a  Dynamo,  Without  Bal- 


through  the  armature  under  load  when  the  balancing  coils  were 
used ;  and  this  is  clearly  indic&ted  by  curve  iii,  which  as  stated 
before,  is  curve  ii  corrected  for  the  fall  of  pressure  due  to  the 
resistance  of  the  armature. 

The  diagrams  with  their  respective  legends  that  are  given  in 
Figs.  6  to  14  inclusive,  are  self-explanatory.  Separate  excitation 
was  used  on  all  the  experiments  on  this  machine.  The  pilot  or 
third  brush  method  was  used  for  making  the  field  explorations. 
In  each  instance  the  "  exploration  curve  "  is  a  record  of  the  pilot 
brush  readings,  while  the  ordinates  of  the  "magnetization"  curve 
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are  jHt>portional  to  the  actual  induction  densities  as  deduced 
from  the  exploration  Carve.  Fig.  6  shows  that  the  induction  is 
nniform  over  the  entire  pole-face  at  no  load,  not:mal  excitation 
and  speed,  as  it  should  be  without  the  coils.  The  motion  of  the 
armature  conductors  is  from  right  to  left.  Fig.  7  shows  the  pro- 
duction of  a  reversed,  field  in  the  presence  of  the  brushes  at  a  full 
load  current,  and  normal  field  excitation  without  the  balancing 
eoil.  Fig.  8  gives  the  result  obtained  for  the  same  conditions, 
except  that  the  balancing  coil  was  used.  The  magnetization 
curve  shows  that  the  balancing  coil  slightly  over-compensated  the 
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a.  p.  M.  Exciting  Current,  10.4.  Operated  as  a  Dynamo,  With 
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magnetic  action  of  the  armature,  since  the  induction  of  the  trailing 
pole  tip  is  weakened,  and  that  of  the  advanced  tip  strengthened,  a 
I^enomenon  just  the  reverse  of  what  commonly  occurs.  The 
diagrams  of  Figs.  9  and  10  are  for  substantially  the  same  condi- 
tions as  those  of  7  and  8,  except  that  the  machine  was  operated  as 
a  motor.  The  results  are  precisely  those  one  would  expect — the 
same  as  those  obtained  for  the  dynamo,  except  that  the  sides  on 
which  the  higher  inductions  occur  are  reversed  in  position.  Figs. 
11, 12,  13  and  14  give  interesting  results  that  were  obtained  by 
lowering  the  field  e.  m.  f.  and  then  operating  as  before.     By  ope- 
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rating  as  a  dynamo  or  motor  without  the  coil,  extraordinary  power- 
ful armature  reactive  effects  are  produced.  It  is  seen  that  the 
brushes  are  in  the  presence  of  a  reversed  field  that  is  quite  as 
great  as  the  normal  no-load  field  of  3000  lines  per  square  centi- 
metre, and  moderate  sparking  with  the  carbon  brushes  occurred. 
Here  the  balancing  coils  bring  out  an  interesting  effect.  One 
would  expect  that  the  effects  of  their  over-balancing  action  would 
be  felt  more  at  lower  excitations.  In  this  experiment  the  induc- 
tion at  the  advance  pole  tip  or  the  position  of  the  "  commutation 
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Fig.  9. — Exploration  Curve,  Full  Load. 
10.4  A.    Speed,  1,920  R.  p.  m. 
ancing  Coil. 


V.  =  114.   c.  =  26.   Exciting  Current, 
Operated  as  a  Motor,  Without  Bal- 


f ringe  "  is  almost  doubled  from  the  normal  no-load  value  instead 
of  being  diminished  as  is  ordinarily  the  case.  It  is  appreciated 
that  the  effect  of  such  a  behavior  is  to  increase  the  strength  of 
the  commutating  fringe  at  the  leading  pole  tip  in  proportion  to 
the  load,  thereby  diminishing  the  range  of  change  of  the  non- 
sparking  point  with  metallic  brushes,  or  enabling  carbon  brushes 
to  be  easily  adjusted  so  that  when  in  a  fixed  position  there  will 
be  practically  no  sparking  at  all  ranges  of  load. 
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Pie.  10.— Exploration  Curve,  Full  Load.  v.  =  112.  c.  =  25.  Exciting  Current, 
10.4  A.  Speed.  1,920  r.  p.  m.  Operated  as  a  Motor,  With  Balancing 
Coil. 
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Pio.  11.— Exploration  Curve,  Pull  Load.  v.  =  86.  c.  =  20.  Exciting  Current, 
2.5  A.  Speed,  1,800  r.  p.  m.  Operated  as  a  Dynamo,  Without  Bal- 
ancing Coil. 
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Fio.  12.— Exploration  Curve,  Pull  Load.  v.  =  48.5.  c.  =  23.5.  Exciting  Current, 
2.5  ▲.  Speed,  1,800  b.  p.  m.  Operated  as  a  Dynamo,  With  Balancing 
Coil. 
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Fig.  13.— Exploration  Curve,  Full  Load.  v.  =  36.5.  c,=  23.5.  Exciting  Current, 
1.6  ▲.  Speed,  1,600  R.  P.  m.  Operated  as  a  Motor.  Without  Balanc- 
ing Coil. 
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The  second  machine  that  was  built,  and  which  made  use  of 
balancing  coils,  was  a  small  one  of  the  four-pole  type  with 
cast-iron  iield  magnets.  This  machine  was  designed  to  have 
a  capacity  of  25  amperes  at  80  volts,  or  2  kilowatts  when 
running  at  a  speed  of  1,200  revolutions.  Fig.  15  is  a  diagram 
that  shows  the  general  design  of  the  machine,  and  Fig.  16  is 
made  from  a  photograph  of  the  actual  machine.  The  essential 
features  of  the  design  were  as  follows :  Type  of  machine,  4 
pole ;  field,  cast-iron  in  two  pieces.  Armature  two  circuit  drum 
winding  through  68  grooves ;  5  No.  10  b.  a  s.  g.  wires  in  each 
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Fio.  14.— Exploration  Curve,  Full  Load.  v.  =  31.  c.  =  24.  Exciting  Current, 
1.6  ▲.  Speed,  1,520  R.  p.  m.  Operated  as  a  Motor,  With  Balancing 
CoU. 


groove ;  29  commutator  bars ;  grooves  milled  out,  size  f "^  x  ^j" ; 
outside  diameter  of  core  Ti'',  inside  3*',  surface  of  completed 
armature  wound  with  No.  14  b.  &  s.  g.  iron  wire.  Length  of 
armature  and  poles,  6^^  each.  Effective  length  of  iron  in  arma- 
ture core,  S*',  magnetic  leakage,  15  per  cent.  Field  cores,  b''  x  2'', 
with  rounded  ends;  area,  9.14  square  inches.  Mean  length  of 
iield  magnetic  circuit,  12.5  inch.  Magnetic  density  in  armature 
core,  5,400  gausses;  in  air-gap,  4,900;  in  the  armature  teeth, 
8,400 ;  in  the  field  cores,  6,800.  Field  winding,  mean  length  of 
turn,  15  inches,  requisite  exciting  m.  m.  f.  for  field  circuit,  1145 
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gilberts;  for  armature,  31.3  gilberts;  for  air-gap,  1258  gilberts'; 
or  a  total  of  2,434'  gilberts  ;  size  of  field  wire,  No.  18  b.  a  8.  o. 
Number  of  holes  for  balancing  coils,  five  in  each  pole-piece,  seven 
conductors  per  pole  or  140  conductors  total.  Weight  of  complete 
machine,  400  pounds. 

An  examination  of  this  data  discloses  the  fact  that  no  regard 
is  had  for  the  pernicious  effects  that  are  ordinarily  met  with  in 
the  use  of  so  short  an  air-gap  with  a  comparatively  large  number 
of  armature  ampere-turns.  With  the  use  of  the  balancing  coils, 
no  such  effects  were  observed  ;  the  machine  performed  precisely 
in  accordance  with  the  original  estimate  made  in  designing  it, 
and  exactly  as  theory  shows  that  ordinary  machines  would j  per- 
form if  armature  reaction  were  entirely  absent. 


Fig.  15. 


During  test  the  machine  was  belted  directly  to  a  ten  h.  f. 
Sprague  motor,  and  ran  at  a  speed  varying  from  1,500  to  1,660 
R.  p.  M.  The  commutator  was  quite  small  for  a  four-pole  ma- 
chine ;  it  had  only  29  segments  and  was  very  poorly  suited  for 
the  pressure  of  100  volts  at  which  it  wafc  tested.  The  machine 
was  loaded  down  to  43  amperes  at  100  volts,  speed  1,650,  and  an 
exploration  curve  taken  around  the  commutator.  This  curve  is 
shown  in  Fig.  17  and  clearly  indicates  the  entire  absence  of  field 
distortion.  It  was  found  that  the  machine  would  easily  carry  a 
load  of  45  amperes  continuously  without  overheating.  After 
this  curve  was  taken,  the  machine  was  loaded  down  as  heavily  as 
the  driving  belt  would  permit,  and  ran  at  a  load  of  80  amperes 
and  SO  volts  for  about  fifteen  minutes.     Under  this  load  there 
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was  no  appreciable  difference  from  light  load  in  the  behavior  of 
die  commutator.  The  balancing  coils  were  short-circuited  for  an 
instant  while  the  machine  was  loaded  to  40  amperes,  and  the 
vicious  sparking  that  ensued,  showed  that  the  dynamo  could  not 
be  operated  at  this  load  without  the  balancing  coils.  Indeed  the 
indications  were,  that  it  would  have  been  fatal  to  the  welfare  of 
the  commutator,  and  perhaps  to  the  armature  itself  to  entirely 
cut  out  the  balancing  coils  when  the  machine  was  carrying  this 
load.  The  balancing  coils  were  then  cut  out  and  the  dynamo 
gradually  loaded  down  to  test  the  performance  without  balancing 


Fig.  1«. 


coils.  The  brushes  were  shifted  forward  to  prevent  sparking  as^ 
the  neutral  point  changed,  and  the  potential  was  kept  up  as  much 
as  possible  by  cutting  out  field  rheostat.  The  maximum  current 
reached  was  37  amperes  at  85  volts,  with  field  rheostat  all  out, 
and  speed  1,800  r.  p.  m.  At  this  speed,  and  with  this  excita- 
tion, the  machine  would  have  given  120  volts,  instead  of  85,  if  the 
balancing  coils  had  been  used  to  prevent  armature  reaction. 
After  a  load  of  37  amperes  was  reached,  it  was  found  impossible 
to  raise  the  current  by  cutting  down  the  external  resistance, 
owing  to  the  rapid   fall   of  potential  due  to  armature  reaction. 
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The  capacity  of  this  particular  machine  was  about  doubled  by 
the  addition  of  the  balancing  coils,  and  a  comparison  of  the  37 
amperes  maximum  with  the  80  amperes  which  was  by  no  means 
the  highest  possible  current,  shows  that  the  overload  capacity  of 
this  machine  may  be  doubled  by  their  use. 

Two  more  machines  of  the  same  general  design  as  the  latter 
were  built  and  tested.  These  machines  were  built  with  field 
magnets  of  mitie  metal,  and  the  pole-pieces  and  armature  cores 
were  one  inch  longer  than  the  machine  last  described.  The  ar- 
mature windings  were  diflferent  from  each  other  and  different 
from  the  cast-iron  machine.  One  was  wound  with  a  two  circuit 
winding,  and  the  other  with  a  four  circuit  winding.  Total 
weight  of  each  machine  was  450  pounds.     Each  machine,  after 
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running  at  1200  r.p.  m.,  carried  a  load  of  85  amperes  at  110  volts 
for  two  hours  continuously,  and  was  then  loaded  down  to  100 
amperes  for  a  quarter  of  an  hour.  The  performance  of  the 
machines  confirmed  in  every  particular  the  results  previously  ob- 
tained. 

Two  other  machines  of  this  same  type  were  built, — one  of 
which  was  wound  for  a  current  of  ten  amperes  at  600  volts,  and 
the  other  for  a  current  of  550  amperes  at  110  volts,  or  60  kilo- 
watts. 

This  type  of  machine  was  found  to  be  expensive  to  construct, 
and  owing  to  its  exceeding  compactness,  very  hard  to  ventilate. 
The  main  plan  in  view  when  designing  these  machines  was  to  lessen 
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the  total  weight  for  a  given  output  by  taking  advantage  of  the  fact 
that  when  the  balancmg  coils  are  used,  one  may  greatly  increase 
the  amount  of  copper  on  a  given  armature,  and  still  obtain  the 
same  satisfactory  perfoimance  at  the  commutator.  As  Fig.  15 
indicates,  a  too  compact  design  was  adopted ;  the  ventilation  was 
cut  down  so  that  full  benefit  of  the  large  amount  of  armature 
copper  was  not  obtained. 

Machine  No.  7  was  therefore  built  with  a  field  of  the  ring  type. 
This  machine  embodied  a  number  of  important  improvements  in 
details  of  constniction  as  will  be  hereafter  noted.  Fig.  18  shows 
a  photograph  of  the  machine  from  the  pulley  end,  and  Fig.  19  is 
a  view  from  the  commutator  end.     Fig.  20  is  a  view  of  the  arm- 


FiG.  18. 

ature  which  was  wound  with  No.  6  wire  cable.  Both  commuta-  • 
tor  and  armature  core  were  hollow,  and  the  winding  thoroughly 
ventilated.  All  armature  coils  were  wound  simultaneously,  and 
the  winding  was  perfectly  symmetrical.  Fig.  21  is  a  view  of 
the  pole  ring.  This  ring  which  carries  the  six  balancing  coils 
was  made  in  halves,  and  the  pole-pieces  were  joined  together  by 
small  connecting  lugs  as  seen  in  the  figure,  in  order  to  make  the 
casting  continuous.  This  construction  permits  the  field  coils  to 
be  wound  in  a  lathe,  and  to  be  easily  removed  from  the  fields  at 
will.  It  is  also  a  decided  advantage  to  have  the  balancing  coils 
and^the  pole-pieces  through  which  they  are  wound,  separable  from 
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the  rest  of  the  field.  The  following  are  the  more  important 
details  of  the  design  of  this  machine : — Capacity,  91  amperes  at 
110  volts  or  10  kilowatts.  Type  of  machine,  six-pole,  ring  field 
of  steel.  Armature  winding  of  cable  through  grooves  in  core. 
Armature  ten  inches  in  diameter  outside,  by  five  inches  inside ; 
number  of  grooves,  61, — six  conductors  per  groove.  Grooves,  ^^'^ 
wide  by  lY  deep;  number  of  commutator  bars,  122;  total  number 
of  conductors,  36C.     Armature  core  and  pole-pieces,  five  inches 
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Fig.  19. 

long.  Mean  distance  between  poles,  f.  Total  magnetic  flux,. 
1,800,000  webers ;  maximum  density  in  armature  teeth,  14,400 
gausses.  Maximum  radial  density  in  armature  core,  8,500.  Mean 
air-gap  density,  5.000.  Maximum  field  density,  14,000 ;  length 
of  air-gap,  -^"i  m.  m.  f.  for  field,  642  gilberts ;  for  air-gap,  1,600* 
gilberts ;  for  armature,  99  gilberts ;  total  m.  h.  f.,  2,341  gilberts. 
Fields  wound  with  No.  20  b.  a  s.  g.  wire.  Armature,  366  con- 
ductors of  No.  6  cable ;  five  holes  in  each  pole-piece  for  balancing 
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coils.    BalanciDg  coils  wound  with  copper  ribbon.     Compound- 
ing, two  series  turns  on  each  field  coil. 

Weight  of  field  casting,  actual.. 218  lbs. 

**         "  armature  core,  shaft  and  spider 98  ** 

•'         **.       "         and  commutator  complete 185  '* 

*'         ••        "         copper 48  " 

**         **  copper  for  balancing  coils,  actual 55  " 

**         '*  field  copper,  actual 40  *' 

"         "  dynamo  complete  including  base  bearings,  brush 

holders,  brushes  and  14  X  9  inch  pulley 865  ** 

This  machine  was  completed  and  tested  in  October  1894, 
and  the  results  of  test  were  as  follows:  Speed  of  dynamo,  1,065 
K.  p.  M.;  voltage,  110.  Current,  110  amperes.  Time  of  run,  one 
hour.    Temperaturfe  of  room,  71^  F.     Temperature  of  armature, 


Fig.  2u. 


128°  F.  Temperature  of  field,  108°  F.  Rise  of  armature,  57°  F. 
Rise  of  field,  37°  F.  Field  resistance,  110  ohms.  Field  current, 
1.00  amperes.  Field  energy,  110  watts.  Armature  resistance, 
,0512  ohms.  Armature  winding  loss,  618  watts.  Balancing 
coil  resistance,  .0202  ohms.  Balancing  coil  loss,  242  watts. 
Series  resistajice,  .00955  ohms.  Series  loss,  115  watts.  Core  loss, 
friction,  etc.,  obtained  from  energy  absorbed  as  motor  running 
light  at  full  pressure,  450  watts.  Total  losses,  1,408  watts.  Total 
output,  12.100  watts.  Gross  energy  absorbed,  13,508  watts. 
Commercial  efficiency,  88.7  percent.  For  lighter  loads  the  effic- 
iencies are  given  by  the  curve  in  Fig.  21a.  This  test  was  made  after 
the  machine  had  been  running  for  several  hours  under  various 
loadg.  On  another  occasion  the  machine  ran  one  hour  and  twenty 
minutes  under  a  load  of  115  amperes  at  105  volts  with  a  rise  of 
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temperature  of  armature  of  48°  F.  While  carrying  this  load, 
which  it  will  be  noted  is  25  per  cent,  above  the  rated  full  load^ 
the  pilot  brush  exploration  curve,  shown  in  Fig.  22,  was  taken* 
This  curve  shows  the  entire  absence  of  armature  reaction.  The 
machine  has  also  carried  135  amperes  for  one-quarter  hour,  and 
has  several  times  been  loaded  down  to  180  amperes  for  a  few- 
minutes  at  a  time  without  damage. 

While  the  "  balancing  coils,"  as  may  have  been  seen  from  the 
foregoing  results,  entirely  prevent  field  distortion  and  shifting  of 


Pig.  21. 


the  neutral  point,  there  is  still  something  lacking  for  ideal  com- 
mutation. In  a  constant  potential  dynamo,  the  following  are  the 
conditions  for  perfect  and  sparkless  comnmtation.  When  a  coil 
is  short-circuited  as  it  .passes  under  a  brush,  the  current  in  the 
coil  must  fall  to  zero,  reverse,  and  rise  exactly  to  the  original 
value  in  the  opposite  direction  at  the  instant  the  short  circuited 
coil  is  opened  by  the  passage  of  the  tip  of  the  brush  from  the 
commutator  bar.  To  bring  about  this  reversal  properly,  the  short- 
circuited  coil  must  move  during  short-circuit  through  a  field 
whose  strength  is  proportional  to  tlie  armature  current.    In  other 
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words,  the  short-circuited  coil  should  move  in  a  neatral  field  when 
the  machine  is  unloaded,  and  should  move  in  a  field  of  consider- 
able strength  when  fully  loaded.  The  field  strength  required  for 
sparkless  commutation  under  any  particular  load  depends  first  on 
the  resistance  of  the  short-circuited  coil ;  second,  the  self-induc- 
tion of  the  short-circuited  coil ;  and  third,  the  duration  of  the 
short-circuit  which  in  turn  depends  on  the  width  of  brush  and 
speed  of  the  dynamo.  Preferably  the  short-circuited  coil  should 
move  in  a  uniformly  distributed  field.  It  is  evident  from  this 
consideration  that  we  do  not  get  the  conditions  for  perfectly 
sparkless  commutation  even  where  armature  reaction  is  prevented 
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if  we  attempt  to  commutate  under  pole  corner.  It  is  also  evi- 
dent that  if  armature  reaction  and  field  distortion  are  not  pre- 
vented, we  get  just  the  opposite  effect  on  our  commutation  from 
what  we  would  wish — that  is,  our  commutation  field  grows 
weaker  as  the  current  increases,  instead  of  growing  stronger  as  it 
should.  From  this  we  may  set  it  down  as  a  settled  fact,  that  no 
dynamo  of  any  considerable  voltage  and  range  of  capacity  which 
commutates  under  the  leading  pole  comer  and  is  not  provided 
with  some  special  spark  preventing  device  or  arrangement  for 
preventing  field  distortion  can  be  worked  from  no  load  to  full 
load  without  sparking  or  without  ehifting  the  brushes.     During 


Digitized  by 


Google 


104     RYAN  AND  THOMPSON  ON  ARMATURE  REACTION    [Mar.  20, 

their  experimental  work  on  balancing  armatnre  reaction,  the 
writers  devoted  considerable  time  to  the  problem  of  sparkless 
commutation,  and  as  a  result  have  devised  an  improvement  to  be 
used  in  connection  with  balancing  coils,  by  means  of  which  ideal 
commutation  is  attained.  The  device  is  simple,  and  accomplishes 
the  desired  end  perfectly.  It  consists  in  bridging  across  the  gap 
between  the  pole-pieces,  attaching  a  commutation  lug  to  the 
center  of  this  bridge  and  making  this  lug  the  center  of  the  balanc- 
ing coil,  the  latter  being  provided  with  a  few  extra  turns,  The 
arrangement  is  shown  in  Fig.  23,  which  represents  a  portion  of 
the  field  circuit  sectioned  centrally  in  the  plane  of  rotation. 
Referring  to  the  figure,  aa  and  hh  are  two  field  coils  wound  round 
the  pole  necks  c  and  d  ;  o  is  the  commutation  lug  which  is  at- 
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tached  to  the  middle  of  the  lugs  h  i,  which  latter  bridge  across 
the  gap  between  the  pole-pieces  b  and  f.  The  balancing  coil  (not 
shown)  is  wound  through  the  holes  k,  l,  m,  n,  o,  p,  with  the  com- 
mutation lug  o  at  the  center  of  the  coil.  The  path  for  magnetism 
is  indicated  by  the  dotted  lines.  It  will  be  noticed  that  a  part  of 
the  magnetic  lines  are  shunted  across  between  the  pole-pieces  s 
and  F,  through  the  bridge  lugs  h  i,  and  do  not  pass  through  the 
armature.  Now  when  there  is  no  current  in  the  armature  or  balanc- 
ing coils,  it  may  be  easily  seen  that  the  fall  of  magnetic  potential 
from  E  to  F  is  the  same  by  either  the  path  through  the  bridge 
lugs,  or  through  the  armature,  and  that  the  commutation  lug  o 
attached  to  the  middle  of  the  bridge  lugs,  must  be  at  the  same 
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magnetic  potential  as  the  armature  teetb  opposite,  for  the  latter 
are  connected  to  the  middle  of  the  armature  circuit.  Therefore, 
under  these  conditions,  which  are  practically  what  we  have  when 
the  machine  is  running  light,  there  will  be  no  tield  between  the 
surfaces  b  and  s  of  the  commutation  lug  and  armature  respectively. 
If  then  our  brushes  are  set  so  that  commutation  takes  place  while 
the  short-circuited  coil  is  passing  under  the  commutation  lug,  we 
have  the  correct  conditions  for  sparkless  commutation.  When 
the  machine  is  loaded,  the  excess  of  ampere-tarns  of  the  balancing 
•coils  over  ampere-turns  of  the  armature,  brings  a  magnetizing 
force  to  bear  on  the  log  o  in  the  direction  indicated  by  the  arrow. 
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This  tends  to  increase  the  magnetism  through  h  and  diminish  it 
through  I,  but  as  h  is  normally  saturated,  there  will  be  very  little 
increase  in  its  magnetism.  There  will,  however,  be  a  field  estab- 
lished under  the  commutation  lug,  by  the  deflection  of  the  lines 
from  the  bridge  lug  i  through  the  commutation  lug  aqd  armature, 
And  it  is  evident  that  the  stronger  the  current  in  the  balancing 
coils,  the  stronger  will  be  the  tield  under  the  commutation  lug. 
We,  therefore,  again  have  the  correct  condition  for  sparkless 
•commutation  when  the  machine  is  loaded,  provided  our  balancing 
coils  are  so  proportioned  as  to  give  us  a  commutation  field  of 
proper  strength.     From  this  it  will  be  seen  that  at  all  times  the 
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commutation  field  is  proportional  to  the  current,  and  that  for  all 
loads  we  have  the  requisite  conditions  for  sparkless  commutation 
without  shifting  the  brushes. 

So  much  for  the  theory  of  this  plan,  and  now  comes  the  impor- 
tant question  "  Will  it  work  in  practice !"  We  are  able  to  answer 
without  hesitation  that  such  a  machine  performs  as  well  in  prac- 
tice as  in  theory,  and  that  actual  tests  show  absolutely  sparkless 
commutation  from  no  load  to  50  per  cent,  overload  with  fixed 
metallic  brushes.  More  than  this,  practice  confinns  another 
theoretical  advantage  of  this  improvement  which  we  have  not 
yet  touched  upon.  It  will  be  noticed  that  the  commutation  field 
is  obtained  by  the  deflection  of  lines  from  bridge  lug  i  and  that 
the  lines  so  deflected,  pass  through  the  armature,  and  consequent- 
ly are  added  to  the  useful  magnetic  field.  We  might  expect 
from  this,  and  from  the  fact  that  since  the  brushes  are  midway 
between  the  poles,  there  are  no  back  ampere-turns,  that  the  ma- 
chines would  corti  pound  somewhat  without  a  regular  compound 
winding.  This  theory  was  entirely  sustained  by  actual  triaU 
It  was  found  under  test,  that  by  slightly  shifting  the  position  of  the 
brushes  forward  Or  backward,  it  was  possible  to  make  a  few  of  the 
armature  turns  act  with,  or  against  the  field  winding  at  will,  and 
this  without  any  effect  on  the  sparkless  commutation,  so  long  a& 
the  brushes  were  not  moved  beyond  the  limits  of  the  commuta- 
tion field.  The  result  of  this  is  that  by  simply  shifting  the 
brushes,  the  compounding  of  the  machine  may  be  so  changed 
that  it  can  be  adjusted  at  any  point  from  10  per  cent,  drop  to  10 
per  cent,  over-compound,  and  this  without  interfering  with  the 
commutation  in  any  way. 

Thus  by  this  simple  contrivance  we  attain  sparkless  commuta- 
tion without  shifting  of  brushes,  and  a  compounding  adjustable 
at  will.  It  is  not  claimed  that  the  broad  idea  of  a  commutation 
lug  is  new,  but  the  success  of  such  a  contrivance  depends  al- 
together on  the  way  in  which  it  is  applied.  Unless  the  magnetic 
effects  of  the  armature  currents  are  taken  care  of  properly,  a 
commutation  lug  would  prove  worse  than  useless  and  we  would 
be  likely  to  get  an  effect  just  the  opposite  of  that  desired.  Thus 
it  will  be  seen  that  the  advantages  which  we  have  shown  as  re- 
sulting from  the  use  of  this  system  of  commutation,  arise  not 
from  the  use  of  a  commutation  lug  alone,  but  from  its  use  in 
connection  with  coils  for  balancing  armature  reacticms.  Direct 
experiment  has  shown  that  this  system  of  commutation  will  not 
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give  satisfactory  results  except  when  used  in  connection  with 
balancing  coils.  Aside  from  the  effect  on  commutation,  how- 
ever, balancing  coils  have  some  very  important  advantages  to 
which  we  will  briefly  call  attention.  By  their  use  the  capacity 
of  a  machine  of  given  size  and  weight  may  be  greatly  increased, 
and  the  resulting  machine  still  be  far  better  in  quality  and 
operate  more  satisfactorily  than  those  of  ordinary  design.  The 
reasons  for  drawing  this  conclusion  are  briefly  these :  Since  the 
output  of  these  machines  is  in  no  degree  limited  by  armature  re- 
action, it  is  possible  to  load  the  armature  with  as  much  copper  as 
can  be  crowded  onto  it  and  to  work  this  greatly  increased  amount 
of  copper  to  its  safe  heating  limit, — the  heating  of  the  armature 
conductors  being  the  only  limit  to  the  capacity  of  a  given  arma- 
ture ;  and  the  core  losses  may  be  much  less  in  a  machine  of  this 
type  since  the  magnetic  densities  in  the  core  may  be  made  as  low 
as  we  choose,  and  this  will  permit  the  armature  to  be  loaded 
with  still  more  copper. 

With  the  standard  peripheral  velocity  of  3,000  feet,  it  is  easy 
to  get  an  output  of  20  to  30  watts  per  pound  total  weight  of  dy- 
namo, and  for  large  sizes  of  machines  even  still  greater  output 
per  pound.  With  armature  reaction  balanced,  there  is  no  neces- 
sity for  high  reluctance  in  air-gap  and  teeth,  and  it  is  therefore 
made  as  low  as  possible  for  the  whole  magnetic  circuit.  The 
air-gap  is  reduced  to  whatsuflices  for  clearance,  and  the  armature 
and  field  are  worked  at  as  low  densities  as  is  consistent  with 
economy  of  iron.  By  this  means  from  one-half  to  three-fourths 
or  even  more,  of  the  ampere-turns  on  the  field  may  be  saved  with 
a  corresponding  saving  in  field  copper  and  field  energy.  This, 
and  the  reduced  core  losses  reduce  the  fixed  losses  in  the  dynamo 
to  a  minimum,  bringing  them  below  what  is  possible  with  the  ordi- 
nary construction,  and  the  result  is  a  very  material  change  in  the 
shape  of  the  efficiency  curve  of  the  machine.  Since  the  fixed 
losses  are  very  small,  the  machines  will  have  unusually  high 
efficiency  on  light  loads,  the  efficiency  curves  inin  up  very  sharply 
and  bend  off  to  a  very  uniform  efficiency  throughout  the  greater 
part  of  the  range  of  load.  This  is  a  very  decided  advantage  where 
machines  are  expected  to  work  under  considerable  range  of  load 
as  they  usually  are,  both 'for  lighting  and  power  purposes.  In 
designing  machines  it  is  also  an  easy  matter  to  proportion  mater- 
ials according  to  their  relative  prices.  Thus,  with  a  design 
containing  a  given  amount  of  copper,  we  can  increase  the  copper 
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•slightly  and  reduce  the  iron  and  steel,  keeping  the  capacity  of  the 
machine  the  same,  and  thereby  effect  a  saving  in  cost  perhaps,  or 
we  may  increase  the  iron  and  steel  and  reduce  the  copper  to  effect 
a  similar  saving.  With  ordinary  designs  such  An  adjustment  as 
this  would  be  out  of  the  question,  except  at  a  sacrifice  of  valu- 
able qualities  of  th^  machine,  for  the  invariable  rule  is  that  the 

>  M.  M.  F.  of  the  armature  ampere-turns  may  never  exceed  the  m.  m.  f. 
impressed  by  the  field  between  the  pole  faces. 

The  value  of  sparkless  commutation  is  almost  beyond  price. 
Conmiutation  has  long  been  recognized  as  the  greatest  bugbear 
of  continuous  current  machinery.  Whatever  adds  to  the  life 
of  the  commutator  adds  to  the  durability  of  the  machine,  and 
the  entire  prevention  of  sparking  is,  therefore,  an  important 
feature.  To  be  able  also  to  have  the  brushes  permanently  fixed 
is  of  decided  value,  and  this  when  taken  with  sparkless  com- 
mutation makes  a  dynamo  self-attendant  to  a  greater  degree  than 
usual.  The  extra  cost  of  applying  these  improvements  to  a 
dynamo  is  far  more  than  balanced  by  the  saving  effected  in 
materials,  and  the  writers  believe  that  the  application  of  these 
methods  of  design  in  dynamos  would  make  a  pronounced  and 
important  step  towards  the  practical  j>erfection  of  this  class  of 
machinery. 
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Discussion. 

The  President  :  This  valuable  and  interesting  paper  is  now 
open  for  discussion. 

Mb.  Townsbnd  Wolcoit  : — It  is  interesting  to  notice  the  evo- 
lution of  the  dynamo,  the  differentiation  of  species,  you  may  say. 
Those  of  us  who  have  fceen  in  business  for  a  number  of  years  re- 
member when  dynamos  were  nearly  all  of  one  class,  or  at  least 
there  was  very  little  difference  between  the  different  classes  of 
dynamos.  At  first  we  had  the  old  series  machine.  The  first  de- 
parture from  that  was  the  shunt  machine,  then  the  compound. 
Then  we  had  the  perfect  regulation  with  the  constant  potential 
dynamo,  then  for  a  long  time  it  was  supposed  that  we  could  not 
have  a  constant  current  machine  which  gave  perfect  regulation 
without  a  regulating  mechanism  of  some  kind.  Just  about  this 
particular  time  a  machine  of  the  opposite  kind  from  the  one  we 
have  just  been  hearing  about  is  brought  into  public  notice.  That 
is  a  machine  where  the  armature  reaction  is  carried  to  the  great- 
est extent  for  the  purpose  of  regulation.  That  is  the  new  Srush 
machine  which  has  b^n  developed  by  Mr.  Black.  In  Prof.  Ryan's 
machine  which  we  have  just  been  hearing  about,  the  armature  reac- 
tion is  absolutely  prevented.  On  the  other  hand,  in  the  arc  machine, 
the  armature  reaction  is  exalted  to  a  very  great  degree  for  the 
purpose  of  getting  the  other  kind  of  regulation.  The  desirability 
of  entirely  suppressing  the  armature  reaction,  perhaps,  could  not 
be  questioned  lor  a  constant  potential  machine  if  it  did  not  re- 
quire the  use  of  extra  wire,  etc.  Perhaps  it  will  be  used  as  it  is, 
but  I  think  a  great  many  dynamo  designers  are  very  certain  that 
they  can  use  the  armature  reaction  to  advantage  even  in  shunt 
machines.  For  instance,  it  has  been  the  hobby  of  some  dynamo 
designers  for  some  time,  that  shunt  motors  can  be  made  to  work 
satisfactorilv,  and  regulated  by  means  of  the  armature  reaction, 
just  as  well  as  the  compound  motor  with  the  shunt  in  opposition 
to  the  series  coil,  and,  as  a  matter  of  fact,  there  are  a  ^reat  many 
shunt  and  compound  machines,  as  at  present  built,  which  are  not 
troubled  with  sparking. 

Mb.  W.  L.  Bliss  : — The  paper  read  by  Professor  Bvan  this 
evening  is  certainly  very  interestii^,  and  of  considerable  value 
and  I,  for  one,  wish  to  thank  him  for  it.  I  had  the  pleasure  of 
being  one  of  Professor  Ryan's  students  at  the  time  when  he  built 
his  first  machines  with  reactive  or  balancing  coils,  and  under  his 
direction  made  a  number  of  experiments  upon  the  same,  which  in 
all  respects  of  operation,  copcur  with  what  he  has  presented  this 
evening.*  In  this  manner  I  became  quite  familiar  with  the 
subject  of  armature  reaction.  But  since  I  have  gone  out 
from  under  his  care  and  guidance,  I  have  been  rather  inclined 
to  go  astray  in  the  matter  of  balancing  armature  reaction.     It 

1.  SiblUy  Journal  of  Bngineering,  December,  1892;  Electrical  Worlds  January,  . 
7,'W. 
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seems  to  me  that  there  must  be  some  commercial  impediment 
that  precludes  a  more  universal  adoption  of  the  methods  outlined 
tonight.  In  the  first  place  it  is  either  on  account  of  the  additional 
cost  of  preparing  these  devices,  and  applying  them  to  machines, 
or  secondly  the  additional  output  does  not  warrant  such  expendi- 
ture, or  lastly,  if  we  do  use  these  devices  we  are  almost  certain  to 
interfere  witn  some  one's  patent.  It  is  the  object  of  the  manu- 
facturer to  patent  as  many  useful  inventions  as  he  can  for  him- 
self, and  to  dodge  as  far  as  possible,  those  of  other  people.  We 
know  that  these  schemes  for  balancing  armatare  reaction  are  all 
bound  up  in  the  Patent  Office,  and  conseauently  we  can  hardly 
censure  manufacturers  for  not  having  utilized  them.  Their  fail- 
ure to  use  them  is  probably  not  a  lack  of  knowledge  upon  the 
subject,  but  on  account  of  commercial  considerations. 

To  take  up  the  various  points  in  order: — Professor  Ryan  says 
that  the  poles  have  to  be  made  particularly  heavy  for  this  kind  of 
construction;  and  as  we  notice  irom  the  cuts  of  the  machines  he 
has  presented,  the  poles  are  brought  verj  close  together.  It  seems 
to  nie  that  making  the  poles  so  exceedingly  heavy  adds  weight 
and  expense.  Increasing  the  proximity  of  the  poles  must  cause 
a  considerable  increase  in  the  magnetic  leakage  which  has  to  be 
made  up  by  extra  copper  placed  upon  the  fields  and  extra  energy 
expended  therein,  wnile  cutting  noles  through  the  faces  of  the 
poles  seems  to  me  to  have  a  sort  of  throttling  action  on  the  field 
flux  and  reduces  the  usefal  cross-section  of  said  poles  that  might 
otherwise  be  utilized  to  advantage.  However,  we  are  told  that 
by  filling  up  these  holes  or  slots  with  the  proper  windings,  and  al- 
lowing the  total  current  to  circulate  through  them,  we  can  over- 
come our  armature  reaction.  The  truth  of  this  statement  is  borne 
out  fully  by  experiment.  We  are  also  told  that  the  clearance  in 
large  machines  may  be  reduced  enormously  by  the  aid  of  such 
windings.  I  think,  though,  it  is  evident  to  nearly  every  one  who 
sees  large  machines  in  operation,  that  a  great  deal  of  clearance  is 
necessary,  particularly  in  direct  coupled  machinery,  on  account  of 
the  excessive  wobbling  of  the  armatures.  This  clearance  is  far 
beyond  that  which  would  be  necessary  if  the  machine  could  be 
run  perfectly  steady  and  true,  without  the  danger  of  a  mishap  to 
such  a  complicated  and  somewhat  delicate  structure  as  an  arma- 
ture. This  air-gap  may  be  nearly  or  quite  sufficient  to  cause 
sparkless  running,  so  why  go  to  farther  complication  ?  These 
points  should  all  be  considered  in  estimating  tne  value  and  advi- 
sability of  adopting  devices  for  balancing  armature  reactance. 

I  have  here  a  few  notes  made  in  reference  to  the  output  of  a 
machine,  in  watts  per  pound.  Prof.  Ryan  states  that  the  output 
of  a  machine  can  be  brought  up  to  a  very  high  figure,  and  that 
the  watts  per  pound  of  material  can  be  made  as  ^reat  as  20  or 
30.  He  speaks  here  about  a  machine  that  was  designed  for  two 
kilowatts,  and  weighed  400  pounds,  and  had  a  peripheral  velocity 
of  3,000  feet.     This  is  only  5  watts  per  pound.     We  built  at  our 
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factory,  'some  time  ago  a  motor  designed  to  operate  a  launch. 
It  was  of  the  4-pole  salient  consequent  type,  completely  iron- 
olad,  and  could  be  placed  under  water  with  impunity.  •  The 
total  weight  was  ltt5  pounds,  and  the  maximum  capacity  3.8  kilo- 
-wratts,  which  you  see  was  20.3  watts  per  pound.  This  machine 
operated  with  an  annatiire  6  inches  in  diameter  by  4  inches  long, 
iw^hich  you  see  is  quite  small,  and  yet  the  number  of  watts  per 
pound  was  20.3.  This  macliine  had  a  peripheral  velocity  of 
only  l,5uo  feet  per  minute  and  operated  with  a  commutator  of 
45  sections,  on  which  were  set  two  brushes.  The  maximum  cur- 
rent taken  out  of  the  commutator  was  85  amperes,  through  a 
carbon  brush  about  f  of  an  inch  thick,  and  2  inches  wide.^  The 
motor  ran  in  both  directions  on  account  of  the  service  it  was 

}>laced  in,  and  could  be  operated  under  full  load  one  way,  or  full 
oad  the  other  way  without  any  shifting  of  the  brushes.  There 
was  absolutelv  no  sparking  at  the  brushes.  The  brush-holders 
were  bolted  ngidly  to  the  casing  and  there  was  no  possible  chance 
to  shift  them. 

To  illustrate  further  a  case  in  which  the  armature  reaction  was 
not  at  all  injurious,  1  will  mention  that  for  the  last  year  or  so 
I  have  designed  machinery  for  car  lighting  purposes  where  the 
dynamo  was  driven  by  an  axle  connection.     Here  the  object  in 
view  was  to  maintain  the  pressure  practically  constant  on  the 
lamps  and  on  the  storage  batteries,  at  the  same  time  utilizing  a 
speed  in  the  dynamo  that  varied  from  the  time  at  which  the 
dynamo  was  made  operative,  to  the  time  at  which  the  train  was 
at  the  maximum  speed,  from  600  r.  p.  m  ,  to   1,500  r.  p.  ^•'  ^q 
latter  figure  representing  a  velocity  of  the  train  of  about 
miles  per  hour.     Here  we  used  a  differential  coil  on  the  tie 
magnets,  through  which  the  main  current  circulated,  *^^^  lo(J 
demagnetized  the  fields  of  the  machine  as  the  current  and  sp     ^ 
increwed.     And  yet  with  these  machines,    using   ^''"^^J'^^^^^^^e 
inches  in  diameter,  by  6  inches  long,  which  is  exactly  the  ^^^ 
ftize  as  given  in  Prof.  Ryan's  paper,  we  were  able  to  load  ^?v^ 
the  machines  to  over  2  kilowatts,  dema^ietize  the  fields  ^^^ 
one  half,  and  still  they  were  sparkless,  had  fixed  brushes  *^^  T^^ 
in  both  directions,  which  was  evidently  necessary  on  *^^^!V  ^^it 
the  service.     We  were  able  to  accomplish    these  results  wi^u 
the  use  of  balancing  coils.     When  we  first  went  into  ^"^®   ^^ 
tremely  exacting  work,  we  seriously  contemplated  ^®^^..       j^ 
armature  reactive  device,  but  we  found  we  did   not  ^®^^^'  ^^ 
was  at  this  tune  that  we  looked  up  the  patent  records  and  secu 
W)  much  valtiable  information  on  this  subject.  i.u^^^   are 

Mr.  E.  a.  Meebill:— I  would  like  to  suff^est  that  ^^®^^^  ^ 
<iTie  or  two  points,  which  if  covered,  would    make  ^^^^J^^^       ^ 
little  more  complete.     You  can  take  a  hi^b  re«^^^*"^ti.oTMcf   is 
place  it  on  the  commutator  in  a   position  where  tne  ^?^^^^^ 
stronger  than  is  required  to  reverse   the   ^^^f^\^^\^rL    volta 
sparBng;  so  if  you  had  a  dynamo  which  would  give  H^ 
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with  the  brushes  correctly  placed,  the  brashes  might  be  so  placed 
as  to  give  an  effective  voltage  of  only  110  without  sparking,  so 
that  5  volts  is  wasted ;  this  is  corrected  by  the  balancing  coil. 

There  are  some  interesting  curves  here.  Take  the  curve  on 
page  91.  I  think  it  would  have  been  instructive  if  Prof.  Ryan 
had  added  curves,  showing  the  effect  of  the  balancing  coils  with 
decreasing  field  excitation,  the  maximum  voltage  decreasing  in 
proportion,  for  with  this  coil  you  can  get  almost  down  to  zero 
volts,  certainly  down  to  five  or  six,  with  curves  exactly  similar 
to  the  exploration  curve  on  page  91,  but  diminishing  in  maxi- 
mum height.  This  method  gives  a  full  control  of  tne  voltage 
and  the  output  from  the  maximum  voltage  to  the  miaimum 
without  distortion  of  the  field. 

Then  it  seems  to  me  it  is  a  little  unfortunate  that  curves  11^ 
12,  13  and  14  follow  each  other  as  they  do.  Fig  11  shows  the 
dynamo  without  balancing  coil,  and  Fig.  12  the  dynamo  with 
balancing  coil.     It  might  be  assumed  from  one  following  the 


Fig.  25.  Fig.  26. 


other,  that  the  maOTCtization  curve  in  Fig  12,  was  the  necessary 
result  of  the  use  of  the  balancing  coil.  As  a  matter  of  fact,  it  is 
not  the  necessary  result,  and  you  would  not  get  that  curve  if 
the  balancing  coil  were  designed  to  give  the  curve  shown  on 
page  91.  The  magnetization  curve  in  Fig.  12  simply  illustrates 
the  fact  that  you  nave  complete  control  of  the  distribution  of 
ma^etization  in  the  pole-face  and  that  you  can  take  a  pole-face 
with  a  weak  pole,  say  at  the  top,  and  a  strong  pole  at  the  l)ottom 
and  reverpe  it;  but  if  the  same  number  of  ampere-tums  had 
been  used  in  the  balancing  coil  as  in  the  armature,  it  would  have 
^ven  a  uniform  induction  through  the  armature,  and  the  same 
18  true  of  the  two  curves,  13  and  14. 

Then,  if  I  could  use  the  blackboard  a  moment,  there  is  an- 
other method  of  plotting  the  magnetization,  which  makes  it  a 
little  more  graphic,  and  that  is  to  plot  the  relative  induction 
through  the  armature  on  radial  lines,  the  depth  from  the  pole- 
face  to  the  curve  representing  the  relative  induction  through 
the  armature  at  all  points.     For  example  Fig.  25,  shows  for  every 
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point  in  the  pole-face  very  graphically  the  relative  induction,  and 
by  plotting  it  for  different  field  excitations  and  armature  cur- 
rents it  shows  the  distortion  produced  by  the  armature  current 
and  also  very  plainly  the  effect  of  the  balancing  coil ;  the  distance 
I  from  the  curve  to  the  pole-face  on  radial  lines  showing  the 
relative  induction  through  the  armature.  This  figure  shows  the 
induction  at  no  load,  ana  is  practically  uniform  over  most  of  the 
pole-face,  diminishing  to  zero  midway  between  the  poles.  If  a 
strong  current  is  passed  through  the  armature,  the  curve  may 
assume  the  form  snown  in  Fig.  26.  The  induction  at  i,  as  yoa 
see,  is  very  slight  and  in  fact  may  be  reversed  under  certain  con- 
ditions. The  induction  at  iMs  very  strong,  showing  that  these 
pole-tips  are  saturated.  Now,  if  in  addition  to  that,  you  indicate 
the  position  of  the  brushes  and  line  of  commutation  at  b,  it 
shows  graphically  the  strength  of  the  field  in  which  the  com- 
mutation and  reversal  occurs,  and  it  also  shows  on  which  side 
of  the  zero  point  it  occurs,  showing  whether  the  voltage  tenda 
to  be  increased  or  diminished.  Now,  if  curves  were  drawn  in 
this  way,  showing  the  effect  of  the  balancing  coil,  and  also  of 
the  commutation  lug,  with  the  position  of  the  brushes  shown, 
you  would  get  an  excellent  idea  of  the  relative  induction  at  every 
point,  and  of  the  actual  effect  which  the  balancing  coil  and  com- 
mutation lug  exert. 

D&.  Caey  T.  Hutchlnson  : — It  seems  to  me  rather  interesting 
that  there  have  been  two  attempts  made  recently  to  get  rid  of 
sparking,  one  by  Mr.  Sayers,  of  England,  and  the  second  by  Prof . 
Kyan  here.  Mr.  Sayers,  instead  of  doctoring  the  field,  puts  an 
extra  winding  on  tne  armature  connected  between  the  commu- 
tator bars  of  the  coil  to  be  short-circuited.  This  was  found  to 
work  only  in  one  direction.  So  recently  he  made  an  addition  by 
putting  on  a  commutating  lug — a  sort  of  postscript.  Prof.  Ryan 
starts  with  a  balancing  coil,  and  finds  it  does  pretty  well.  But  it 
does  not  answer  under  all  circumstances.  So  he  too  adds  an 
additional  commutating  lug.  It  is  rather  amusing  to  see  that 
both  should  follow  the  same  line.  The  first  ideas  are  more  or 
less  ineffective ;  then  they  are  improved  to  meet  the  conditions. 
I  think  that  both  of  them  are  fundamentally  wrong.  There  are 
so  very  many  interesting  points  in  a  paper  like  tliis,  that  it  is 
impossible  to  touch  upon  them  all  in  an  evening's  discussion.^ 
But  one  thing  in  particular,  I  think,  should  be  emphasized 
strongly.  The  fact  that  the  output  of  any  armature  properly 
designed  does  not  depend  on  sparking.  Sparking  is  evidence  of 
bad  design,  and  should  condemn  the  machine  without  regard  to* 
any  other  consideration.  Any  one  taking  this  view  willsee  at 
once  that  no  device  of  this  kind  can  increase  the  output  of  the 
machine  in  the  slightest  degree.  It  decreases  the  output  of  the 
machine  for  the  reason  that  the  extra  winding  takes  up  space 
that  would  be  valuable.  It  adds  weight ;  it  adds  copper.  I  nold 
the  point  of  view  that  any  machine,  properly  designed,  will  not 
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spark ;  and  as  a  sort  of  comparison  with  this  machine,  I  wish  to 
give  some  figures  of  a  machine  which  is  in  use  in  the  city  here, 
of  the  very  simplest  design,  that  does  not  spark  under  any  con- 
ditions, short  of  the  abnormal.  It  has  no  Sayers  device  and  no 
balancing  coils.  It  impresses  me  that  the  use  of  a  balancing 
device  is  as  if  a  man,  wishing  to  walk  along  on  a  level,  should 
walk  up  hill  150  feet  and  then  down  a^in.  The  armature  effect 
takes  you  down,  and  the  balancing  coilbrings  you  up.  The  ma- 
chine described  on  page  101  is  the  largest  mentioned,  and  it 
makes  a  fairer  comparison  than  the  others  with  the  one  I  am 
about  to  describe.  That  machine  may  be  taken  normally  to  be 
12  kilowatts.  It  has  a  total  weight  of  865  pounds.  Leaving  off 
the  last  item  and  adding  the  other  weights,  you  will  find  that  the 
^'active"  weight  is,  say,  740  pounds.  The  machine  runs  at  a 
peripheral  speed  of  a  little  over  2,800  feet  a  minute.  Making 
this  3,000  feet  for  the  purpose  of  comparison  would  mean  an 
output  of  17  watts  per  pound  of  active  weight,  with,  of  course, 
the  balancing  coils.  There  is  pretty  nearly  as  much  copper  in 
the  balancing  coils  as  there  is  m  the  main  field  coils.  The  ma- 
chine I  have  m  mind  is  of  the  ordinary  Continental  type,  with 
two  field  coils,  two  salient  poles  and  two  consequent.  It  is  a  30 
kilowatts.  Its  total  weight  is  3,300  pounds,  and  its  "active" 
weight  is  2,600  pounds.  It  runs  at  a  peripheral  speed  of  only 
1,500  feet  per  minute.  Calculation  will  show  that  its  output  for 
that  active  weight  is  about  12  watts,  roughly,  at  1,500  feet  per 
minute.  Doubnng  that  would  give  an  output  at  a  peripheral 
speed  of  3,000  of,  say,  24  watts  per  pound  active  weight.  It  is 
«  plain  ordinary  macnine,  nothing  special  about  it,  and  will  carry 
60  to  70  per  cent,  overload  without  a  sign  of  sparking,  without 
showing  whether  the  current  is  on  or  off.  Should  we,  however, 
make  the  comparison  on  a  slightly  different  basis,  referring  still 
to  page  101,  it  shows  even  more  strongly  in  favor  of  the  point  I 
am  making.  You  will  notice  that  the  watts  lost  in  the  armature 
proper  in  this  machine  are  given  at  618.  The  proportions  of  the 
two  machines  are  verv  nearly  the  same,  one,  10x5,  the  other 
18  X  10.  Assume  that  the  r&diation  in  mv  armature  is  the 
same  as  in  the  armature  described  here,  and  that,  therefore,  my 
armature  could  carry  a  current  determined  only  by  this  heating ; 
this  would  give  200  amperes,  which  it  has  carried  without  spark- 
ing. The  output  of  the  machine  then  would  be  38  watts  per 
pound  active  weight  at  3,000  feet  per  minute.  It  seems  to  me 
that  it  is  unnecessary  to  use  the  methods  described  •here ;  that  it 
is  going  back  to  archaic  ages ;  for,  in  my  opinion,  any  machine 
that  needs  this  doctoring  is  fundamentally  wrong.  1  believe  a 
machine,  instead  of  being  designed  with  weak  field  excitation  and 
low  induction,  should  be  designed  on  opposite  lines,  with  strong 
excitation  and  heavy  induction.  One  mi^ht  think  this  would  in- 
crease the  weight  of  the  copper  in  the  fields  and  bring  up  the 
total  cost  of  the  machine.     As  a  matter  of  fact,  1  find  that  the 
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weight  of  the  copper,  with  the  balancing  coils,  in  the  machine 
described  on  page  101  is  12.8  per  cent,  of  what  I  call  the  "  active  " 
weight.  In  the  machine  I  speak  of,  the  proportion  of  field 
copper  is  only  10.1  per  cent.  It  is  an  ingenious  exercise,  and  not 
much  more.  Referring  in  the  same  way  to  another  point,  that 
the  gap  induction  should  be  as  low  as  possible,  I  take  the  opposite 
view,  that  it  should  be  as  high  as  possible.  * 

There  are  quite  a  number  of  other  points  that  one  might  bring 
up  for  discussion,  but  I  will  not  take  more  time. 

Mr.  Chas.  S.  Bradley  : — I  am  quite  interested  to  know  that 
there  are  machines  which  do  not  spark.  I  have  heard  of  those  be- 
fore. Generally,  however,  1  have  found  that  they  existed  in  the 
ideal  of  the  manufacturer.  Almost  every  man  declares  when  he  has 
<^nstructed  a  new  machine  that  there  is  no  sparking  whatever, 
But  just  as  soon  as  anybodv  undertakes  to  use  it,  and  the  commu- 
tators get  the  least  rough  then  thev  begin  to  spark,  and  I  never 
saw  one  yet  that  did  not  spark,  although  I  would  go  a  good  many 
miles  to  see  one. 

Dr.  Hutchinson  : — Will  you  come  up  and  see  me  to-morrow? 

Mr.  Bradley: — I  will  be  very  glad  to.  I  would  walk  ten  miles 
to  see  one  that  did  not  spark. 

Dr.  Hutchinson:— Come  to  the  Postal  Telegraph  Company's 
building,  253  Broadway. 

Mr.  Bradley: — Do  you  take  care  of  it  all  the  time? 

Dr.  Hutchinson  : — No,  I  never  see  it. 

Mr.  C.  O.  Mailloux  : — The  paper  read  by  Prof.  Ryan  is  one 
which  has  undoubted  merit  in  the  beauty  of  its  theorjr  and  the 
perfection  of  its  experimental  demonstration  of  the  pnnciple  in- 
volved,- whatever  may  be  the  practical  commercial  value  of  the 
inveption.  The  point  which  was  made  by  the  preceding  speaker 
is  well  taken  in  one  sense,  in  regard  to  the  heating  limit,  and  it 
would  apply  particularly  to  this  machine,  because  the  ventilating 
space  around  the  armature  is  so  much  reduced.  There  is  little 
cnancefor  convection  or  the  motion  of  air  currents  by  means  of 
which  heat  can  be  dissipated.  I  have  found  that  to  be  a  strong 
objection,  and  one  which  has  a*  direct  influence  on  the  heating 
limit  of  the  machines.  In  fact,  insuflScient  air  circulation  is  more 
apt  to  reduce  the  capacity,  in  conseauence  of  the  heat  limit  being 
sooner  reached,  than  is  any  excess  of  heating  caused  in  the  pole- 
jHCces  themselves  by  the  eddy  currents  due  to  variations  of  mag- 
netic density  by  the  action  of  the  teeth  of  the  armature.  In 
other  words,the  loss  in  dynamos  caused  by  the  eddy  currents  and 
the  consequent  heating  in  the  machine  ntime,  etc.,  is  not  as  se- 
rious as  is  the  reduction  of  the  output  capacitv  of  the  machine  in 
consequence  of  its  not  being  able  to  ventilate  itself  properly.  One 
may,  therefore,  have  a  machine  which,  so  far  as  the  copper  is 
concerned,  would  be  very  far  removed  from  its  possible  capacity 
limit,  whereas  its  practical  capacity  limit  is  sooner  reached,  due 
to  the  fact  that  it  cannot  dissipate  the  watts  generated  in  the  arma- 
ture or  pole-pieces. 
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One  of  the  most  interesting  points,  in  my  opinion,  which  Prof, 
Ryan  has  called  to  our  attention  this  evening,  and  one  which 
must  interest  a  large  number  of  those  present,  is  the  question  of 
density  in  the  armature  teeth,  and  the  density  in  the  air-gap  itself. 
There  are  many  here  who  cannot  aflford  to  throw  away  the  desi^ff 
and  patterns  they  have  for  manufacturing,  the  dies  for  punching- 
the  armature  disks,  etc.,  and  they  cannot  quickly  or  readily  de- 

!)art  from  existing  commercial  and  well-developed  or  well-estab- 
ished  as  well  as  successful  types ;  yet,  within  certain  lines  they 
are  very  eager  to  develop  their  macnines  without  introducing  anv 
radical  changes  ;  and  it  is  to  them  that  the  question  appeals  witli 
especial  importance.     Prof.  Ryan  called  attention  to  the  fact, 
wnich  is  now  recognized,  that  we  can  palliate  the  difficulties  of 
armature  reaction  ov  increasing  the  magnetic  density  of  the  arma- 
ture teeth.    I  mentioned  before  this  Institute,  some  two  years- 
ago  or  more,  that  in  my  practice  I  had  sometimes  carried  the- 
density  of  lines  of  force  in  armature  teeth  to  such  a  djegree  that 
the  permeability  came  down  to  something  like  two  or  three.. 
About  two  years  ago  I  had  occasion  to  have  a  special  motor  made, 
and  my  attention  was  called  by  the  party  who  was  furnishing  me 
the  disks,  to  the  fact  that  the  total  equivalent  sectional  area  of  the 
teeth  was  rather  small  in  comparison  with  the  sectional  area  of 
the  armature  itself,  or  the  available  iron  for  the  passage  of  lines  of 
force  in  the  teeth  was  a  very  small  proportion  compared  with  the 
sectional  area  through  the  armature  core  itself.     He  was  some- 
what surprised  when  I  told  him  this  was  done  on  purpose.     I  ex- 
plained to  him  that  I  believed  in  having  the  magnetic  reluctance 
entirely  in  the  air-gap.    It  did  not  make  any  diSerence  whether 
we  had  it  in  air  or  in  iron,  provided  it  was  there ;    though  there 
are  certain  evident  advantages  in  having  it  in  iron  as  much 
as  possible.     I  had    observed   that  by   using  high  saturation 
of  the  armature  teeth,  and  high  field  density  in  the  air-gap,  it 
was  possible  to  eliminate  or  palliate  the  difficulties  resulting  from 
armature  reaction  to  a  great  extent,  and  consequently  the  machine 
became  more  sparkless,  and  had  a  higher  load  limit     In  making 
the  teeth  narrower  or  deeper  to  increase  the  magnetic  density,  we 
gain  incidentally,  in  the  space  available  for  wire,  and  thus  in- 
crease the  capacity  of  the  machine.    This  plan  has  its  disadvan- 
tages and  limitations,  I  will  admit.      But  it  seems  to  me  to  be 
a  point  of  great  interest  and,  on  which  there  must  be  many  per- 
sons here  who  have  experience. 

Another  point  which  I  would  like  to  have  some  of  the  gentle- 
men here  discuss,  is  the  question  of  magnetic  density  in  the  air- 
gap  per  square  centimetre.  My  own  experience  indicates  that 
practically  there  is  no  limit  to  the  air-gap  density ;  it  is  merely 
a  question  of  what  one  is  willing  to  pay  for  it  in  the  form  of 
watts  wasted  in  producing  the  magnetizing  current.  The  higher 
the  density  in  the  air-gap,  the  greater  the  extent  to  which  one  is . 
enabled  to  reduce  the  armature  reaction  and  increase  the  output 
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of  the  machine  by-makinjif  its  load  limit  farther  removed.  With 
higher  air-gap  densities  the  air  or  extra-dental  portion  of  the  gap 
can  be  decreased  without  detriment.  When  I  speak  of  the  air- 
gap,  1  often  include  the  total  space  between  the  face  of  the  pole- 
piece  and  the  bottom  of  the  root  of  the  tooth,  or  the  inter-dental 
space.  This  is  not  as  strange  as  it  might  at  first  seem,  when 
you  consider  that  in  workmg  at  very  high  densities  the 
permeability  is  approaching  a  value  whicn  is  nearly  that  of  air. 
In  some  calculations  for  special  work,  I  have  found  myself 
obliged  to  take  into  consideration  the  joint  reluctance  of  teeth 
and  air  space.  Usually  where  such  low  densities  are  considered 
in  the  iron  of  the  teeth,  the  number  of  lines  of  force — the  num- 
ber of  square  centimetres  in  the  air  of  the  air-gap  between  the 
armature  teeth,  (the  inter-dental  space)  is  of  no  consequence.  But 
when  you  reach  permeabilities  as  low  as  two  and  three,  or  even 
before  that,  the  air  itself  between  the  armature  teeth  becomes 
a  magnetic  conductive  medium  of  some  importance.  For  that 
reason,  it  is  perhaps  quite  as  logical  to  treat  the  air-eap  as  if  it 
were  all  air,  with  a  portion  of  it  more  or  less  short-circuited,  or 
havins^  its  magnetic  reluctance  enhanced  by  the  presence  of  metal 
•of  higher  magnetic  conductivity. 

The  question  is,  I  think,  one  of  greater  importance  than  might 
at  first  seem,  and  it  has  a  great  bearing  on  tne  question  of  good 
performance  of  machines  and  their  output  limit,  consequently 
•on  their  weight.  I  think  it  would  be  of  interest  to  have  the  ex- 
perience on  that  subject  of  many  others  here  present. 

Db.  Charlbs  E.  Emery: — I  have  made  a  large  number  of 
•experiments  on  the  general  subject  of  armature  reaction,  and 
have  seen  the  electromotive  force  reversed  in  a  half  cycle  even 
worse  than  shown  in  the  paper,  where  the  polar  surfaces  of  the 
:field  magnet  were  too  large  for  the  exciting  force  employed. 
With  larger  exciting  forces  the  reversal  did  not  take  place.  Re- 
ferring to  the  proposed  shifting  of  the  brushes  in  lieu  of  com- 
pounding with  coils,  I  frequenfly  have  been  annoyed  at  seeing 
the  tenders  of  the  old  bi-polar  dynamos  continually  shift  the 
brushes  to  try  and  reduce  trifling  sparks,  with  the  result  that  the 
attendant  on  the  switchboard  platform  had  to  make  correspond- 
ing changes  of  his  field  regulators.  In  this  connection  I  iinally 
made  a  fairly  elaborate  series  of  experiments  with  modified  wind- 
ings designed  to  produce  a  neutral  arc  through  which  the  brushes 
•could  be  shifted  for  the  purpose  of  comi>ounding  exactly  as  pro- 
posed in  the  paper.  The  sparkless  arc  was  not  successfully  ob- 
tained, though  the  results  were  encouraging.  About  this  time 
I  had  an  opportunity  to  shift  the  brushes  on  one  of  the  new 
General  Electric  generators  when  well  loaded,  and  found  that 
verv  considerable  changes  in  the  voltage  could  be  obtained  by 
shifting  the  brushes  without  producing  sparking.  It  appears 
therefore,  that  dynamos  are  now  so  well  designed  that  additional 
ifeatures  would  ordinarily  not  be  warranted.     If,  however,  the 
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improved  details  now  proposed,  greatly  increase  the  capacity,, 
this  will  furnish  the  desirable  commercial  feature  to  enable  one 
bidder  to  guarantee  a  given  overload  at  a  lower  price  than  an- 
other. 

In  any  event,  Prof.  Ryan,  not  neglecting  the  co-author,  again 
deserves  our  thanks  for  a  record  of  careful  experiments,  reveal- 
ing the  underlying  principles  of  interesting  and  important  pheno- 
mena, and  it  will  be  pleasing  if  thedevice^  designed  to  overcome 
well-known  diflSculties  prove  of  considerable  commercial  value. 

Mr.  a.  E.  Kennelly  : — The  question  at  issue  in  this  case 
seems  to  be  not  the  question  of  the  number  of  watts  which  can 
be  obtained  per  pound  of  material,  or,  at  least,  that  is  not  the  pri- 
mary and  essential  question.  The  primary  and  essential  question 
in  an  engineering  matter  must  be,  what  is  the  number  of  watts^ 
of  output  that  can  be  permanently  sustained  per  dollar  of  invest- 
ment m  the  machine,  and  per  dollar  of  up-keep  and  yearly  main> 
tenance,  including  depreciation  and  repairs.  We  all  know  that 
dynamos  and  motors  spark.  It  is  always  a  question  whether  the 
output  of  a  dynamo  or  a  motor  is  reached  in  its  heating  before  it 
is  reached  in  its  sparking,  and  one  of  the  two  conditions  must  su-^ 
pervene  to  limit  the  output  of  the  machine.  In  the  modem  prac- 
tice it  is  the  heating  which  limits  the  output,  and  not  the  spark- 
ing. But  that  does  not  altogether  settle  the  question,  because  if 
it  can  be  shown  that  by  differences  in  construction,  or  in  superi- 
ority of  methods  of  ventilation,  the  heating  temperature  of  eleva- 
tion can  be  reduced,  to  enable  the  machine  to  be  carried  forward 
•to  a  greater  limit  of  output,  so  as  to  bring  the  question  of  spark- 
ing under  consideration,  then  there  is  room  for  any  device  which 
checks  and  prevents  sparking.  The  question  can  only  be  decided 
it  seems  to  me,  by  actual  experiments,  and  by  actual  estimates 
based  on  such  experiments.  The  only  guide  we  have  in  the  paper 
before  us  as  to  the  actual  results  possible,  is  in  the  statement  tnat 
20  to  30  watts  per  pound  of  total  dynamo  weight  can  be  obtained 
by  the  method  in  use,  and,  as  a  rule,  whatever  exceptional  dyna- 
mos may  do,  that  is  a  greater  output  than  standard  machines  to- 
day possess.  I  think  the  figures  given  for  this  machine  described 
in  the  paper  do  not  show  anything  like  such  an  output,  so  that  I 
think  tne  figures  are  based  on  estimates,  and  not  based  on  actual 
experience.  Many  attempts,  as  we  all  know,  as  the  patent  rec- 
oras  show,  have  been  made  to  overcome  armature  reaction,  very 
frequently  by  adding  lugs  over  the  point  of  commutation  in  the 
armature.  6ut  I  do  not  remember  seeing  any  method  quite  so 
radical  as  this,  which  consists  in  providing  two  armature  wind- 
ings, one  of  which  is  intended  to  rotate,  and  the  other  to  remain 
fixed. 

Turning  to  the  purely  technical  side  of  the  subject,  an  interesting 
question  appears  to  arise.  We  know  that  when  a  smooth-cored 
armature  is  employed  in  a  dynamo-electric  machine,  say  a  motor, 
the  force  which  propels  the  motor   when  the  electric  current  is 
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supplied  to  the  armature,  i.e.  the  electro-dynamic  force,  is  exerted 
on  the  subetonce  of  the  conducting  wires,  and  if  they  are  not 
firmly  secured  to  the  armature  body,^  th  y  are  liable  to  be  forced 
or  sheared  electro-dynamically  over  the  armature  surfaces.  The 
only  function  of  the  armature  core,  from  a  magnetic  point  of 
view,  is  to  reduce  the  reluctance  of  the  majfuetic  circuit  through 
the  armature,  and  increase  the  intensity  of  the  magnetic  field 
which  reacts  upon  the  active  conductors. 

When,  however,  the  arma.ttire  is  tooth-cored,  and  the  same  con- 
ductors lie  deeply  imbedded  in  the  iron  surface  ofthe  armature^ 
it  is,  I  think,  tne  sreneral  belief  that,  since  the  conductors  lie  in  a 
space  comparatively  unoccupied  by  flux  from  tlie  field  magnets — 
since  the  nux  passes  through  the  core  of  the  armature  without 
penetrating  the  substance  oi  the  conductors — that  the  current  pass- 
mg  throuffh  these  conductors  magnetizes  the  iron  of  the  core,  and 
converts  it,  so  to  speak,  into  an  electromagnet  whose  poles  are  at- 
tracted by  the  poles  of  the  field  magnet.  '  Jn  fact,  it  is  sometimes 
claimed  that  the  use  of  tooth-cored  armatures  not  only  prevents 
eddy  currents  from  being  developed  in  the  armature  conductors, 
but  also  removes  from  them  the  driving  force,  to  the  greater 
mechanical  safety  of  their  insulating  coating. 

In  the  experiments  described  in  this  paper,  however,  and  as 
shown  in  Fig.  1,  on  page  8n,  the  balancing  coils,  having  a  if.  if. 
F.,  eaual  and  opposite  to  that  of  the  armature  winding,  must 
completely  or  nearly  neutralize  the  magnetic  influence  of  the 
armature  winding  upon  the  armature  core,  so  that  the  iron  of 
the  armature  does  not  become  magnetized,  like  an  electromagnet, 
by  the  action  of  the  armature  current.  This  is  further  evidenced 
by  the  series  of  observations  presented  in  Figs.  10  and  17,  in 
which  it  appears  that  the  distribution  of  the  flux  over  the  sur- 
face of  the  active  armature,  is  sensibly  the  same  as  when  the 
armature  remains  inactive.  From  this  it  would  appear  that  if 
the  armature  winding  were  mechanically  free  from  the  iron  core 
in  which  it  lies  imbedded,  it  would  rotate,  or  tend  to  rotate,  with 
the  full  torque  of  the  machine,  leaving  the  core  at  rest  within  ; 
also  that  the  balancing  coils  attached  to  the  field  poles  tend  to 
rotate  about  the  axis  of  the  armature  in  the  opposite  direction. 
If  this  reasoning  be  correct,  it  would  seem  necessary  to  suppose 
that  in  this,  and,  therefore,  in  any  tooth-cored  armature,  the 
electro-dynamic  force  is  exerted  upon  the  substance  of  the  con- 
ductor and  not  upon  the  substance  of  the  iron  core,  and  I  would 
like  to  ask  Professor  Kyan  for  the  opinion  he  has  formed  upon 
this  question  from  his  study  of  the  phenomena. 

Mr.  Gano  S.  Dunn: — With  regard  to  the  high  densities  in  the 
teeth,  I  would  call  attention  to  Uie  fact  that  such  densities  are 
necessary  only  when  we  depend  on  shifting  our  brushes  to  stop 
the  sparking.  But  if  in  a  machine  of  small  size,  we  do  not  de- 
pend on  such  means,  but  depend  entirely  upon  the  resistance  of 
the  carbon  brush  to  reverse  the  coil,  then  a  high  density  in  the 
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teeth  is  a  positive  disadvantage^  since  it  makes  us  have  so  much 
more  magneto-motive  force,  or  copper  in  our  field  coils  In  a 
small  machine  the  field  energy  is  a  much  larger  proportion  of 
the  input  than  in  a  large  machine,  which  makes  this  an  important 
point:  for  by  letting  the  density  in  the  teeth  remain  low  we 
save  just  so  much  of  what  is  abeady  a  large  loss. 

Mb.  C.  O.  Mailloux: — I  would  like  to  state  in  reply  to  the 
remarks  made  by  Mr.  Dunn  that  that  statement  does  not  neces- 
sarily always  apply.  I  have  found,  in  connection  with  the  very 
machine  which  I  refer  to,  which  was  ran  in  both  directions  as  a 
motor,  that  in  spite  of  the  very  high  density,  with  the  set  posi- 
tion of  the  brushes,  there  was  no  sparking,  although  the  tiela  ex- 
•citation  was  not  excessive.  I  think  those  things  are  largely  a  ques- 
tion of  design.  The  design  in  this  case  was  a  four-pole  macnine 
of  the  consequent-pole  type,  similar  to  that  which  Dr.  Ilutchinson 
has  described,  and  that  may  account  in  some  manner  for  its  won- 
derful performance. 

With  reference  to  the  method  of  balancing  devised  by  Prof. 
Ryan  I  do  not  quite  agree  with  my  colleague  and  friend,  Mr.  Ken- 
nelly,  that  it  must  be  regarded  as  a  stationary  armature.  I  re- 
gara  it  rather,  as  strictly  speaking,  a  system  or  set  of  compound- 
ing coils.  I  do  not  think  we  can  regard  it  in  any  other  way. 
And  I  think  they  are  an  ideal  form  of  compounding  from  a  the- 
oretical standpoint.  If  we  stop  to  consider  compounding,  we  find 
that  it  means,  substantially,  to  add  enough  extra  coils  so  as  to  get 
an  increased  magneto-motive  force  sufficient  to  stiffen  the  lines 
of  force  and  make  them  pass  through  their  path,  or  to  put  it_ 
differently  to  overcome  the  added  reluctance  due  to  their  diitor' 
tion.  Prof.  Ryan  finds  that  it  is  simpler  to  straighten  them.  He 
applies  the  force  at  right  angles  and  merely  restores  the  bent  lines 
of  force  back  to  their  position.  I  think  if  we  investigate  the 
forces  in  action,  the  final  result  is  just  the  same  as  if  we  had 
a  magnetic  force  acting  at  right  angles  with  that  of  the  field  it- 
self—or, strictly  speaking,  as  Prof.  Kyan  puts  it,  in  opposition  to 
that  of  the  armature.  The  armature  tends  to  distort  the  field 
lines  of  force  at  right  angles.  It  is  a  force  acting  tangentially  to 
the  armature;  it  bends  the  lines  of  force  out  of  their  course;  Prof. 
Byan  simply  bends  them  back.  That,  I  think,  is  the  ideal  method 
because  it  always  requires  less  force  to  produce  the  result,  same 
as  in  mechanics,  it  is  often  simpler  to  use  guys,  and  struts,  in- 
stead of  attempting  to  make  the  beam  itself  stronger  and  stiffer  by 
increasing  its  size. 

Mb.  Maxwell  M.  Mayer  : — I  should  like  to  ask  the  previous 
speaker,  that,  in  case  the  density  of  the  teeth  is  exceedingly  high, 
so  that  the  permeability  of  same  is  equal  to  the  air,  how  flie  quan- 
tity of  wire  and  the  necessary  energy  wasted  in  fields,  can  be  such 
a  small  amount  as  he  has  mentioned. 

Me.  Mailloux  : — I  must  correct  the  gentleman.  I  did  not 
state  that.     The  permeability  is  something  like  25.     I  was  refer- 
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ring  to  other  cases,  such  as  street  car  motors,  where  it  is  no^  so 
much  a  qne^ion  of  saviug  copper  .as  it  is  a  qnestion  of  space,  and 
of  the  equally  important  matters  of  proper  working  unaer  extra- 
ordinary conditions.  I  have  not  the  figures  in  my  mind  of  the 
machine  I  just  mentioned,  but,  if  I  recollect  rightly,  the  maxi- 
mum permeability  at  the  time  of  starting  was  something  like  20. 

Mb.  Mater  : — I  should  again  like  to  ask  Mr.  Mailloux,  or  any 
of  the  gentlemen  present,  wnether  they  consider  using  the  teeth 
at  yery  high  inductions,  and  overcoming  the  armature  reactions, 
more  advantageous  than  using  a  low  density,  and  decreasing  the 
reluctance  of  air  space  to  a  minimum. 

Mb.  Mailloux: — As  I  stated  previously,  I  endeavored  to 
have  as  much  as  possible  of  the  reluctance  in  the  air-gap.  Of 
course,  it  goes  without  saying  that  the  desimer  should  always 
bear  in  mind  the  specific  purpose  for  which  the  machine  is 
intended,  and  that  he  should  govern  himself  accordingly.  What 
may  be  excellent  for  one  case  may  be  very  bad  in  another  case. 
I  cannot  answer  the  question  of  this  gentleman  because  it  would 
involve  the  analysis  of  a  great  many  points,  some  of  which  are 
rather  abstruse,  while  others  would  require  access  to  comparative 
data. 

The  Pbesident: — If  there  are  no  other  remarks,  I  will  call  on 
Prof.  Ryan  to  close  the  discussion. 

Prof.  Ryan: — I  have  been  very  much  interested  in  the  dis- 
cussion myself.  I  have  hardly  anything  to  say,  I  think,  in  con- 
clusion— possible  one  or  two  words, 

I  think  Dr.  Hutchinson  was  of  the  opinion  that  we  advocated 
in  our  paper  the  lowest  possible  densities.  Well,  I  meant  by 
that,  when  you  use  the  balancing  coils,  that  of  course  then  you 
do  not  need  to  resort  to  the  very  nigh  induction  densities  in  the 
lugs,  in  order  to  be  able  to  add  on  series  ampere-turns,  without 
running  up  the  induction  and  electromotive  force  of  the  machine. 
That  is  what  we  meant  to  refer  to — what  we  had  in  mind  when 
we  wrote  what  we  did. 

With  regard  to  the  point  mentioned  by  Mr.  Kennelly,  as  to 
whether  magnetic  forces  are  brought  to  bear  on  the  armature 
conductors  when  pole-face  coils  iSlance  the  armature  reactive 
eflEects,  or  whether  they  are  still  on  the  armature  lugs,  I  would 
explain  what  my  own  view  is  in  connection  with  that  matter, 
because  it  seems  to  me  that  this  is  a  subject  of  a  good  deal  of 
practical  importance.  If  the  forces,  through  balancing  the  re- 
-active  eflfect.  are  thereby  made  to  be  exert^  on  the  conductors, 
then  of  course,  one  is  reverted  to  a  set  of  mechanical  features 
which  are  not  so  desirable.  It  seems  to  me,  however,  that  this 
force,  even  if  one  has  balanced  the  effects  entirely  so  that  at  all 
outputs  of  the  armature  the  field  is  uniform  for  the  pole-face  and 
throughout  the  air-gap,  that  the  forces  are  still  a  kind  of  drag  on 
the  armature  core  and  not  on  the  armature  conductors,  and  the 
reason  why  I  think  so  is  this :  It  seems  to  me  that  the  electro- 
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motive  forces  that  we  get  there  are  produced  rather  by  the  in- 
eluding  and  the  excluding  of  induction  in  one  direction,  and  then 
in  the  other  direction  through  the  armature  coils  as  is  the  case 
in  the  transformer.  The  forces  at  work  on  the  coils  there  are 
those  more  especially  due  to  theproximity  of  two  coils  with  cur- 
rents in  opposite  directions.  We  all  understand,  I  think,  that 
great  variation  of  induction  occurs  at  high  rates,  and  large  elec- 
tromotive forces  are  produced  that  set  up  no  forces  between  the 
primary  coil  and  the  iron  circuit.  You  may  have  such  trans- 
Tormer  coils  carrying  heavy  currents  at  considerable  pressures, 
representing  large  powers,  and  yet  we  ordinarily  experience  no 
mechanical  action  of  the  iron  circuit  on  these  coils.  I  see  no 
reason  why  similar  results  may  not  be  obtained  in  a  dynamo. 
This  is  the  view  I  have  had  of  the  matter,  and  I  think  it  is  an 
interesting  point  brought  up  in  the  manner  in  which  Mr.  Ken- 
nelly  has  presented  it. 

Dr.  Hutchinson:— I  do  not  see  how  the  attraction  can  be  on 
the  teeth,  as  Mr.  Kennelly  suggests,  for  the  reason  that  the 
magnetization  of  the  teeth  does  not  increase  in  proportion  to  the 
current  in  the  armature,  and  the  torque  does.  Therefore  the 
pull  must  be  on  the  conductor  carrying  the  current. 

[Adjourned.} 


[Conclusion  Communiqated  by  Prof.  H.  J.  Ryan.] 

The  30  K.  w.  machine,  cited  by  Dr.  Hutchinson,  is  a  Sprague- 
Pratt  elevator  motor,  and  one  might  as  well  try  to  discuss  modem 
constant  pressure  direct  current  power  generators  by  telling 
what  one  finds  to  be  the  performance,  weiglits,  etc.,  of  the  latest 
and  best  street  car  motors,  as  to  cite  the  above  excellent  elevator 
motor.     The  same  applies  to  the  comparisons  made  by  Mr.  Bliss. 

Mr.  Kennelly  has  well  stated  what  the  experience  of  ourselves 
and  others  has  been  re^rding  the  heating  limit'  of  an  armature 
as  determined  by  ventilation  and  that  one  finds  when  the  ven- 
tilation is  improved  without  sacrifice,  the  sparking  limit  may 
come  within  the  heating  limit. 

Mr.  Thompson  has  produced  an  armature  design  that  affords 
ventilation  of  the  conductors  proportional  to  their  number  or 
depth  on  a  given  core.  The  output  figures,  20  to  30  watts  per 
pound,  were  based  on  the  results  of  experiments  made  with  a 
machine  designed  and  built  by  Mr.  Thompson  and  tested  about 
the  time  when  this  paper  was  written.  It  was  not  described  in 
the  paper  because  it  was  not  our  object  to  discuss  armature  veh- 
tilation  at  this  time. 
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Discussion  in  Chicago. 

A  meeting  of  the  Western  members  of  the  Institute  was  held 
in  the  Physics  Lecture  Boom  of  Armour  Institute,  March  20th, 
on  the  same  evening  as  the  New  York  meeting.  The  Local  Sec- 
retary, Mr.  B.  J:  Arnold,  called  the  meeting  to  order,  about  sixty- 
five  members  and  visitors  being  in  attendance.  Upon  motion^ 
Mr.  S.  A.  Rhodes  was  appointed  (chairman.  The  paper  of  the 
evening^"  A  Method  lor  preventing  Armature  Reaction "  by 
Prof.  Harris  J.  Ryan  and  Mr.  Milton  E.  Thompson,  was  read  in 
detail  by  Professor  S.  B.  Fortenbaugh  of  the  University  pf  Wis- 
consin, at  the  authors'  request. 

Mr.  B.  J.  Arnold: — I  feel  that  this  subject  is  something  out 
of  the  line  of  work  upon  which  I  am  posted,  although  I  realize 
the  importance  of  accomplishing  the  object  the  author  has  out- 
lined. The  chief  objections  to  the  kind  of  electrical  machinery^ 
which  engineers  have  had  to  use  in  the  past  have  been  the  high 
rotative  speed,  and  the  difficulty  of  preventing  the  commutator 
from  sparking  under  great  changes  of  load.  The  main  reason  for 
usin^  high  speeds  has  been  to  enable  the  manufacturer  to  proiluce 
machines  of  large  output  at  a  cost  within  the  reach  of  the  pur- 
chasers. We  are  now,  however,  rapidly  coming  to  regard  slow  run- 
ning direct  coupled  generators  as  standard,  and  the  competition 
among  manufacturers,  owing  to  the  expiration  of  patents  and  the 
entering  of  new  firms  into  the  field  has  resulted  in  decreasing  the 

f)rice  of  dynamo-electrical  machinery  to  a  point  which  makes 
arge,  slow  running  machines  available,  at  a  cost  not  much  in  ex- 
cess of  belted  machines.  The  question  of  no  sparking  at  various 
loads,  seems  to  me  to  have  already  been  well  met  by  the  manu- 
facturers, as,  under  specifications  issued  recently,  and  upon  which 
four  leading  manufacturers  bid,  all  guaranteed  that  their  machines 
would  not  spark  at  all  from  no  load  to  5()  per  cent,  overload.  If 
they  accomplish  this,  and  it  seems  that  some  of  them  do  by  cor- 
rect dynamo  design,  without  the  use  of  auxiliary  coils,  I  see  no 
reason  for  the  introduction  of  them,  as  the  author  suggests,  as  it 
must  necessarily  increase  the  cost  of  the  machine.  I  have  no 
doubt,  however,  that  the  coils  introduced  as  he  plans  them,  will 
prevent  an  otherwise  badly  designed  dynamo  from  sparking.  The 
manner,  however,  in  which  the  author  has  undertaken  to  prevent 
armature  reaction  is  at  least  heroic,  and  reminds  me  of  the  man- 
ner in  which  Professor  Thomson  some  years  ago  succeeded  in 
preventing  an  otherwise  destructive  effect  on  his  arc-lighting  ma- 
chine, viz : — the  excessive  spark  across  the  air-gap  on  his  three 
part  commutator  bv  introducing  an  air  pump  or  blower  to  blow 
out  the  spark.  This  method  was  successfully  introduced,  and  is 
in  use  on  thousands  of  dynamos  throughout  this  country  to-day, 
although  it  now  seems  advisable  to  design  arc  light  dynamos 
which  do  not  produce  sparking  at  the  commutator  at  all,  and 
therefore  have  no  necessity  for  air  blasts  or  other  means  for  the 
external  prevention  of  sparking. 


Digitized  by 


Google 


124      RYAN  AND  THOMPSON  ON  ARMATURE  REACTIOK  [Mar.  80, 

Mr.  a.  V.  Abbott  : — There  is  no  doubt  at  all  but  that  Prof- 
essor Ryan's  methocLcould  be  successfully  applied,  and  he  seems 
to  have  hit  upon  an  invention  which  has  oeen  greatly  needed. 
From  a  mechanical  standpoint,  dynamo  constructors  have  en- 
deavored to  attain  these  conditions.  This  form  of  construction 
was  taken  up  some  five  or  six  years  ago,  but  for  some  reason  was 
'  dropped.  It  was  attempted  to  employ  balance  coils  somewhat  in 
the  way  Professor  Ryan  does,  but  the  difficultv  was  in  the  wind- 
ing of  the  coils  about  the  field  magnets.  At  the  time  I  refer  to, 
the  amatures  were  smooth  bodied.  Armatures  with  slots  of  the 
Pacinotti  type  were  considered  to  be  of  practically  no  value,  and 
it  was  only  by  the  application  of  a  slotted  core  that  balance  coils 
operated  successfully. 

Prof.  W.  M.  Stine  : — I  scarcely  feel  like  discussing  the  paper, 
for  as  it  stands  it  is  so  clearly  wntten  and  the  results  are  so  evi- 
dent that  there  seems  to  be  very  little  ground  left  for  discussion. 
However,  it  appears  that  under  best  conditions,  it  will  no  doubt 
prove  very  successful,  but  I  am  inclined  to  think  that  the  bound- 
ary between  success  and  failure  is  very  narrow.  I  think  that  if 
the  correcting  winding  is  not  very  accurately  placed,  it  will  have 
a  reverse  effect  as  the  author  clearly  indicates.  I  am  inclined  to 
think  that  this  is  a  point  that  will  cause  quite  a  little  difficulty 
at  first.  The  exact  balancing  of  the  coils;  putting  the  ring  on 
the  field  properly  may  lead  to  some  serious  failures  at  first.  It 
may  be  that  the  machines  will  be  so  thoroughly  built  that  these 
difficulties  will  be  obviated. 

I  am  surprised  that  the  author  makes  no  mention  of  the  work 
-of  Sayers  in  England.  .1  would  say  that  the  work  of  Sayers  is 
to  put  reactive  coils^  on  the  armature  instead  of  on  the  fields. 
This  device  is  built  and  is  on  the  market  in  active  operation. 
I  notice  that  a  paper  has  recently  been  read  before  the  Institu- 
tion of  Electrical  Engineers  in  London  in  which  Sayers  gives 
4ata  of  two  years'  test  of  this  device.  I  am  unusually  interested 
in  this  deWce  of  Prof.  Ryan's  in  placing  it  alongside  that  of 
Savers. 

Mr.  C.  E.  Kabimeyer  : — I  would  like  to  ask  whether  or  not 
the  experimental  machines  referred  to  have  ever  been  run  at  their 
rated  output  for  any  length  of  time.  I  think  that  machines  of 
this  type  or  any  type  should  be  able  to  run  24  hours  continuously 
at  full  load  if  necessary,  without  seriously  heating,  and  I  am  verv 
much  interested  to  know  if  such  tests  have  ever  been  made  <m 
these  machines. 

Professor  Fortenbattgh  : — Regarding  the  question  as  to 
Tvhether  there  has  been  any  test  made  to  this  extent  I  can  say 
this,  that  I  do  know  of  this  first  machine  having  been  run  for  10 
or  12  hours  at  a  time,  but  not  for  24.  No  mention  is  made  of  the 
rise  of  temperature  after  having  run  for  two  or  three  hours.  In 
A  large  machine  it  will  take  at  least  5  or  6  hours  before  it  be- 
comes thoroughly  heated. 
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Mr.  L.  L.  Summers: — I  believe  that  some  of  the  companies 
have  adopted  a  standard  of  four  or  live  hours  for  a  test  run.  My 
information  cumes  from  one  of  their  testing  experts,  who  has 
tested  some  of  the  largest  of  their  machines.  1  think  that  for  prac- 
tical purposes  a  run  of  four  or  iive  hours  will  usually  be  sufficient 
for  tne  machines  to  attain  their  highest*  temperature.  I  think 
that  the  question  of  armature  reaction  is  of  great  importance  in 
machines  for  special  work.  I  had  occasion  to  change  the  second- 
ary winding  of  a  dynamotor  for  the  purpose  of  lowering  the  volt- 
age, and  upon  ii^ring  out  the  cross  m^netization  I  came  to  the 
conclusion  that  I  could  decrease  the  length  of  the  primary  wind- 
ing about  16  per  cent.,  and  instead  of  its  increasing  the  speed  of 
the  machine  as  one  would  suppose  it  would,  the  ipeed  would  re- 
main constant,  showing  the  effect  of  armature  reaction  may  have 
in  this  class  of  machinery. 

Professor  Fortenbauoh  : — The  paper  written  by  Professor 
Bvan  seems  to  be  a  presentation  of  results  rather  than  a  sketch 
of  the  possibilities  of  the  device,  and  from  these  results  I  think 
no  other  conclusion  can  be  drawn,  than  that  it  is  a  practical 
auccess.  Now,  can  it  be  built  satisfactorily  and  cheaply  ?  These 
balancing  coils  are  now  made  so  that  they  can  be  put  on  with 
no  injury  to  themselves  or  to  the  machine  under  ordinary  con- 
ditions, and  the  effect  that  these  coils  have  on  the  armature  reac- 
tion more  than  compensates  for  any  complications  that  may 
arise  by  their  use.  Tnere  seems  to  be  some  doubt  as  to  whether 
or  not  they  increase  the  cost  of  the  machine.  Professor  Ryan 
assures  us  that  the  increased  cost,  due  to  the  coils,  is  more  tnan 
counterbalanced  by  the  saving  of  materials,  and  therefore  I  do 
not  see  why  it  should  not  be  a  commercial  success. 

I  wrote  Professor  Ryan,  asking  him  about  the  increased  cost, 
and  though  I  have  received  a  letter  from  him  since,  he  has  said 
nothing  about  this,  and  I  took  it  for  granted  that  he  thought 
the  question  sufficiently  answered  in  the  last  paragraph  of  the 
paper.  And  furthermore  if  there  is  any  slight  increase  in  the 
cost  of  manufacturing  this  machine,  we  know  that  the  efficiency 
at  all  loads  is  very  much  increased,  and  therefore  we  have  a 
continual  saving  in  this  way  which  more  than  covers  the  extra 
expense  of  constructing  it. 

Pbopbssor  W.  M.  Stine  : — I  would  like  to  ask  whether  the 
external  compound  or  series  coils  were  effected  on  the  Thomson- 
Houston  macnines  ? 

Mr.  B.  J.  Arnold: — We  always  regarded  the  compound 
winding  as  a  very  essential  part  of  the  machine. 

Mr.  a.  V.  Abbott  : — I  nave  never  had  the  time,  I  regret  to 
say,  to  make  an  actual  test  of  this  class  of  machines,  but  in  a 
southern  station  where  we  had  three  Edison  80  h.  p.  machines, 
and  two  Thomson-Houston  machines,  so  far  as  actual  running 
conditions  on  the  railway  were  concerned,  we  could  run  the 
Thomson-Houston  without  moving  the  brushes  at  all,  where  we 


Digiti 


ized  by  Google 


126      RYAN  AND  THOMPSON  ON  ABMA  TURE  REACTION,  [Mar.  20, 

could  not  do  so  with  the  Edison.  When  all  the  Edison  machines 
were  running  at  full  load,  for  some  reason  or  other  the  load  might 
be  suddenly  thrown  oS.  and  they  would  spark  considerably,  so 
that  the  attendant  would  be  compelled  to  keep  his  eye  on  the 
commutators,  whereas  with  the  Thomson-Houston  machines 
there  is  no  need  of  dome:  anything  to  the  brushes  at  all. 

Me.  Kammrter: — While  the  authors  seem  to  have  solved  the 
problem  of  preventing  armature  reaction,  and  thereby  doing  away 
with  sparking  at  the  orushes,  I  do  not  believe  they  have  given 
due  credit  to  other  dynamo  builders.  1  fully  believe  that  ma- 
chines are  being  built  to-day  without  balancing  coils  that  will 
not  spark  when  running  at  full  load  or  even  at  overload,  and 
that  do  not  reaui\;e  the  shifting  of  brushes  under  varying  loads. 
As  to  the  higner  efficiency  at  small  loads,  that  I  believe  is  a 
very  important  point,  but  I  doubt  very  much  that  the  increased 
cost  of  building  machines  of  this  kind  will  be  compensated  for 
by  the  slight  increase  in  output.  I  do  not  believe  that  crowding 
too  much  machinery  into  a  small  space  is  a  good  thing.  I  believe 
in  having  plenty  of  room  in  your  machine,  and  it  will  then  ruu 
much  cooler,  other  conditions  being  equal.  I  believe  that  the, 
authors  refer  to  one  case  where  they  have  tried  to  get  too  much 
out  of  the  machine.  This  caused  me  to  ask  how  long  any  of 
these  machines  had  been  run,  and  I  believe  that  if  they  nad  run 
them  for  ten  or  twelve  hours  at  a  time  under  full  load,  they  would 
have  found  that  the  heat  increased  very  rapidly. 

Mr.  Cocheane: — I  would  like  to  ask  if  the  balancing  coils  are 
wound  in  place  by  hand  or  not.  It  seems  to  me  that  it  they  are 
wound  by  nand,  the  cost  would  be  somewhat  excessive. 

Professor  Foetenbauoh  : —These  balancing  coils  are  wound  ' 
in  place  by  hand.     You  seem  to  have  the  impression  that  this 
machine,  when  fitted  with  these  coils,  costs  more  than  a  machine 
constructed  in  the  ordinary  way,  and  the  authors  state  that  it  does 
not.     Regarding  the  originality  or  the  credit  for  this  device  being 

aVen  to  rrofessor  Ryan,  I  would  say  that  Professor  Ryan  and 
r.  Thompson  do  not  claim  that  their  idea  is  an  ori^nal  one. 
If  you  will  refer  to  the  London  Electrieian  (vol.  xxxi)  you  will 
find  a  device  that  is  suggested  by  Fischer-Hinnen,  quite  similar 
to  the  one  used  by  the  authors.  Mr.  Sayers'  device,  with  a 
number  of  others,  has  also  been  tried  with  apparent  success. 
The  ordinary  machine,  as  now  built,  will  admit  of  working  per- 
fectly satisfactory  from  no  load  to  full  load,  but  I  know  that 
this  device  of  Professor  Ryan's  will  give  better  satisfaction  at 
overload,  and  it  will  more  than  double  its  load  without  any 
appreciable  sparking. 

Prof.  Stine: — At  the  time  this  was  being  .developed,  the 
Thomson-Houston  type  of  machine  was  pretty  thoroughly  tested 
at  Cornell,  and  I  should  be  very  glad  to  hear  of  the  experience 
and  experiments  and  whether  they  found  the  reaction  winding 
efficient,  and  controlled  the  sparking,  also  whether  they  ever 
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attempted  to  short-circuit  that  or  whether  they  left  it  on  open 
circuit. 

Mb.  O.  S.  Lyfobd,  Jk.:— I  happened  to  be  at  Cornell  at  the 
time  when  this  first  machine  was  designed,  and  in  fact,  made  the 
drawings  under  Professor  Ryan's  direction.  Since  then  I  have  kept 
track  of  the  subject  as  much  as  possible,  and  in  connection  with 
my  work  have  made  a  number  of  mteresting  observations.  There 
are  a  number  of  machines  on  the  market  to-day  which  will  work 
under  all  conditions  of  load  with  practically  no  sparking.  The 
only  advantage  of  this  construction  proposed  by  Professor  Ryan 
is  tnat  it  preserves  the  point  of  commutation,  but  there  are  other 
ways  of  accomplishing  the  same  results  with  eaual  success,  and 
I  tnink  with  e<}ual  emciency.  My  experience  nas  been  princi- 
pally with  the  internal  pole  type  oi  machine,  and  I  have  seen  ma- 
chines of  this  type  working  from  no  load  to  50  per  cent,  overload 
without  sparking,  without  shifting  the  line  of  commutation,  and 
with  the  use  of  copper  brushes.  One  of  the  last  things  Professor 
Ryan  says  in  the  paper  is  that  "  The  if.  m.  f.  of  the  armature  am- 
pere-turns may  never  exceed  the  m.  m.  f.  impressed  by  the  field 
between  the  pole  faces."  Professor  S.  P.  Thompson's  statement 
in  reference  to  the  same  subject  is  that  the  ampere-turns  of  the 
armature  circuit  can  not  be  greater  than  the  ampere-turns  necessary 
to  produce  the  field  in  the  air  spaces.  Contrary  to  either  state- 
ment I  have  found  in  some  instances  that  the  armature  ampere- 
turns  may  be  double  the  field  turns  necessary  for  the  air-^ap. 
This  may  be  due  to  the  additional  effect  of  the  compound  wind- 
ing. Tne  only  thing  about  this  proposed  construction,  as  I  have 
said  before,  is  that  it  places  the  remedy  at  the  exact  point  where 
the  trouble  exists.  Perhaps  one  particular  use  for  this  construction 
will  be  where  it  is  required  to  have  machines  work  with  full  load 
but  with  widely  varying  speed.  In  some  of  the  curves  he  shows 
that  the  voltage  can  be  varied  from  1 12  to  48  by  varying  the 
strength  of  the  field,  and  yet  the  commutation  remain  practi- 
cally sparkless.  In  the  same  manner  it  should  be  possible  to  vary 
the  speed  with  constant  voltage.  This  is  a  thing  that  is  im- 
possible with  the  old  construction  of  machines.  The  possible  vari- 
ation ordinarily  is  25  per  cent,  where  he  makes  it  50  per  cent,  or 
more.  This  should  make  this  style  of  machine  well  adapted  for 
motors  operating  machine  tools. 

Mr.  Ludwio  Gctmann  :  —I  believe,  that  Professor  Ryan  has 
taken  a  stand  which  he  can  easily  defend.  One  of  the  speakers 
said  that  any  of  the  present  manufacturers  can  conform  to  the 
specifications,  viz.,  to  furnish  a  dynamo  to  operate  sparkless  from 
no  load  to  full  load,  or  even  overload.  If  this  method  of  Pro- 
fessor Ryan  was  adopted,  the  air-space  could  be  considerablj^  re- 
duced and  the  capacity  of  the  dynamo  increased.  It  is  certainly 
true  that  most  manufacturers  can  furnish  dynamos  which  will 
run  sparkless  over  the  normal  range  at  the  expense  of  a  good 
deal  of  power  and  material,  but  I  believe  Professors  Ryan's 
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method  admits  of  better  utilization  of  the  material  put  into  the- 
machine  and  with  less  internal  waste.  By  his  method  the  pres- 
ent machines  can  be  increased  in  output,  or  new  machines  may 
be  built  smaller  for  the  same  output  and  witli  lesa  amount  of 
iron  and  copper. 
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AMERICAN  INSTITUTE  OF  ELECTRICAL 
ENGINEERS. 

New  York,  April  17th,  1896. 

The  96th  meeting  of  the  Institute  was  held  at  12  West 
Thirty-first  Street  this  date,  and  was  called  to  order  by  President 
Houston,  at  8.15  p.  m.    Seventy  members  and  guests  were  present. 

The  President: — Gentlemen,  before  proceeding  vnth  the 
regular  course  of  business,  it  is  my  sad  duty,  as  President  of  the 
American  Institute  of  Electrical  Engineers,  to  announce  to 
you  the  sudden  death  of  our  Treasurer,  Mr.  George  M.  Phelps. 
There  were  few,  if,  indeed,  any,  of  the  members  of  the  American 
Institute  of  Electrical  Engineers  who  were  more  closely 
identified  with  the  growth  and  work  of  this  institution  than 
Mr.  Phelps.  He  was  one  of  our  charter  members.  He  was 
elected  a  Manager  in  1885,  and  had^  since  that  time,  been 
continuously  a  member  of  Council.  He  was  elected  Treasurer 
of  the  iNSTrruTE  in  May,  1887,  and  had  held  that  ofBce  con- 
tinuously until  the  time  of  his  death.  These  facts,  are  in 
themselves,  evidences  of  the  very  high  esteem  in  wnich  our 
late  Treasurer  was  held  bv  the  Instftute.  My  acquaintance 
with  Mr.  Phelps  commenced  with  the  beginning  of  our  Institute 
in  1884.  I  was  first  brought  into  contact  with  him  at  the  Inter- 
national Electrical  Exhibition,  held  in  Philadelphia,  under  the 
auspices  of  the  Franklin  Institute.  I  learned  then  to  respect 
the  gentleman  for  his  many  good  qualities.  While  I  have  not 
had  that  intimate  friendship  and  acquaintance  with  him,  which 
some  of  you  have  had,  vet  I  wish  to  testify  to  the  many  excel- 
lent  traits  of  character  he  possessed,  especially  to  the  excellent 
and  faithful  services  he  has  rendered  me:  as  your  presiding  oflScer^ 
during  the  two  years  in  which  I  have  nad  the  honor  to  be  con- 
nected with  the  American  Instfiute  or  Electrical  Engineers 
as  its  President. 

Genius  is  a  rare  gift,  and  if  it  be  true  that  genius  consists 
in  the  possession  by  one  individual  of  some  trait  of  character, 
not  possessed  in  general  by  mankind,  then  I  take  it  that  the 
faculty  called  common  sense  is  one  of  the  most  marked  attributes 
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of  genius  since  it  is  so  very  nucommon.  Our  late  Treasurer,  in 
my  judgment,  possessed  an  uncommon  amount  of  that  very  un- 
common trait,  common  sense.  This  was  particularly  noted  in 
the  council  chamber,  where  we  were  always  sure,  if  a  knotty 
question  arose,  that  needed  a  clear  understanding  and  calm 
judgment,  that  we  would  get  the  best  of  advice  from  our  late 
Treasurer. 

I  join  with  you  in  mourning  over  his  sudden  death.  Death 
is  at  best  an  unwelcome  visitor.  But  nature  is  merciful  to 
us  at  least  in  this  respect,  that  when  death  comes  with 
old  age,  she  kindly  tempers  our  departure  so  that  when  we 
die,  we  practically  have  been  dying  for  many  vears.  But  when 
a  man  b  struck  down  in  the  vigor  of  his  manhood,  rieht  at  the 
height  of  his  usefulness,  as  was  our  late  Treasurer,  then  death 
indeed  becomes  a  sad  visitor. 

I  will  not  attempt  to  speak  of  the  social  characteristics  of  Mr. 
Phelps  or  of  those  traits  which  so  distinguished  him  as  a  man ; 
for,  as  I  have  said,  you  know  them  well.  He  was  a  dignified 
gentleman,  and  if  we  add,  of  the  old  school,  it  is  certaimy  not 
to  his  detriment.  He  was  a  delightful  companion,  a  sympathetic 
friend,  a  faithful  brother,  a  loving  father  and  husbanci,  and  I 
think  that  it  can  be  said  of  him  that  he  filled  the  measure  of  a 
useful  life,  in  that  he  so  lived  that  the  world  was  better  and 
brighter  and  happier  that  he  had  lived  in  it. 

1  felt  that  it  would  not  be  proper  for  me  to  open  the  meeting 
of  the  Institute  without  making  some  brief  reference  to  the 
death  of  our  Treasurer,  and  I  trust  that  vou  will  pardon  the 
very  iinperfect  manner  in  which  I  have  made  it. 

Mr.  Hammer: — In  connection  with  this  announcement  per- 
mit me  to  read  the  following  communication  from  the  Council : 

AMERICAN  INSTITUTE  OP  ELECTRICAL  ENGINEERS. 

New  York.  April  17th,  1895. 
The  Council  of  the  American  Institute  of  Electrical  Engineers,  desiring 
to  express  its  sense  of  the  loss  to  the  Institute  in  the  death  of  George  May 
Phelps;  at  its  meeting  held  Wednesday  afternoon,  April  17th  1895,  at  the 
Institute  headquarters  appointed  a  special  committee  of  three  to  draft  suitable 
resolutions  which  the  undersigned  as  committee  herewith  respectfully  present. 
Resolved :  That  in  the  death  of  G^rge  May  Phelps,  the  Council  has  suffered 
the  loss  of  an  energetic,  faithful  and  capable  member,  and  the  Institute  a 
most  efficient  officer;  one  who  was  constantly  striving  to  uphold  the  standard 
of  its  work,  and  one  who  was  ever  watchful  of  its  welfare.  In  his  disinterested 
efforts  to  serve  the  Institute,  he  brought  to  bear  upon  its  deliberations,  his 
keen  perceptions,  intellectual  ability,  and  eminent  force  of  character. 

Resolved :  That  a  copy  of  this  resolution  be  suitably  engrossed  and  framed, 
and  presented  to  Mrs.  George  Wallace  Graham,  his  daughter,  and  the  sole  sur- 
viving member  of  his  family. 

William  J.  Hammer. 
(Signed)  James  Hamblet. 

Ralph  W.  Pope. 
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Me.  a.  E.  Kennblly  : — Mr.  President,  I  beg  to  move  that 
the  iNsrmrrE  hereby  cordially  and  unanimously  adopts  the 
resolution  which  has  been  placed  before  it. 

Pbof.  Anthony  : — ^Mr.  President,  I  second  that  motion. 

The  Peesident  : — It  is  moved  and  seconded  as  you  have  heard. 
Those  in  favor  of  the  motion,  will  signify  their  assent  by  rising. 

[The  motion  was  unanimously  carried.] 

The  President  : — The  Secretary  will  now  read  the  minutes  of 
the  last  meeting. 

The  Secretary  read  the  minutes  of  the  ninety -fifth  meeting  of 
the  Institute  held  March  20th,  1895,  which  were  approved. 

The  Secretaey: — At  the  Council  meeting  held  this  after- 
noon the  following  associate  members  were  elected : 

Name.  AddresA.  Endoned  by 

Baldwin,  Jas.  C.  T.  Superintendent  Chicago  Telephone    A.  V.  Abbott. 

Co.,  203  Washington  St. ;  residence.      S.  J.  Laraed. 

1350  Washington  Boulevard.  Chi-  A.  S.  Hibbard. 

cago.  III. 
Cabot.  Francis  Elliott    Supt.  of  Inspection  and  Electrician,   E.  J.  Houston. 

Boston  Board  of  Fire  Underwrit-      W.  J.  Jenks. 

ers,  55  Kilby  St. ;  residence,  East  A.  E.  Kennellj. 

Milton,  Mass. 
FoRTBNBAUOH,  S.  B.  Asst.  Pfof.  of  Elect Hcal  Engineer-    D.  C.  Jackson* 

ing,  University  of  Wisconsin,  Madi-      F.  R.  Jones. 

son,  Wis.  Harris  J.  Ryan. 

Harris,  W.  C,  Jr.  Electrician.   Harris   &  Williamson.  Geo.  H.  Harris. 

Birmingham,  S.  R.  Gross. 

Ala.  Richard.Varley.  Jr. 

JoNBS,  G.  H.  Agent,  General  Electric  Co..  Casilla  J.  W.  Eirkland. 

18 D  Santiago;  residence,  Iquiqui,  John  B.  Blood. 

Chili.  Chas.  P.  Steinmetz. 

LeBlanc,  Charles  Chief  Engineer  Railway  Department.    F.  J.  Sprague. 

Thomson-Houston  Co..  27  Rue  de     S.  D.  Greene. 

Londres,  Paris,  France.  D.  C.  Jackson. 

liiNDSAT,  Wm.  E.  ChiefEngineer  and  Electrician.  Swift   Fred'k  Bedell. 

&  Co.,  National  Stock  Yards,  East  Ernest  Merritt. 

St.  Louis,  IlL  Harris  J.  Ryan. 

NuNN,  Paul  N.  Consulting    En^neer,  San    Mi|^el  C.  P.  Steinmetz. 

Cons.  Gold  Mining  Co.,  Tellunde,    A.  Jay  Wurts. 

Colo.  Chas.  S.  Bradley. 

WiNSLOW,  Georoe  Herbert  Electrical  Engineer,  Westinghouse   A.  Jay  Wurts. 

Elec.  &  Mfg.  Co  ,  L.  B.  Stillwell. 

Pittsburg.  Pa.  Chas.  F.  Scott. 

Total,  9. 

The  following  associate  members  were  transferred  to  full 
membership,  their  applications  having  been  approved  by  the 
Board  of  Examiners,  March  12th,  1895. 

ScHMiD.  Albert  Superintendent,  Westinghouse  Electric  and  Mfg.  Co., 

Pittsburg,  Pa. 
Dodge.  Omenzo  G.  Professor   of    Mathematics,    United    States    Navy, 

Washington,  D.  C. 
€arus- Wilson,  Charles  Ashley    Professor  of  Electrical  Engineering.  McGill 

University,  Montreal,  Can. 
Liohthipe,  James  A.         District  Engineer,  General  Electric  Co. ,  San  Francisco, 

Cal. 


Digiti 


ized  by  Google 


182         A8800.  MEMBERS  ELECTED  AND  TRANSFERRED. 

Childs,  Abtbur  Edwabd    Electrical  Engineer.  Westinghouse   Electric  and 
Mfg.  Co.,  Philadelphia,  Pa. 

Waring,  John  Warner  Electric  Co.,  Ovid,  N.  Y. 

PuPFEE,  W.  L.  Assistant  Professor  of  Electrical  Engineering,  Mass. 

Institute  of  Technology,  Boston,  Mass. 

Rtan,  H.  J.  Professor  of  Electrical  Engineering,  Cornell  Univer- 

sity, Ithaca,  N.  Y. 
Total,  8. 

At  the  same  meeting  Mr.  George  A.  Hamilton  was  elected 
Treasurer  to  serve  for  th^  unexpired  term  of  the  late  Treasurer, 
George  M.  Phelps. 

The  President: — The  first  business  of  the  meeting  is  the 
reading  of  the  paper  by  Mr.  Kennelly  and  myself  on  "  Beso- 
nance  in  Alternating  Current  Lines."  Will  Mr.  Kennelly  read 
the  paper? 

[The  following  paper  was  then  read  by  Mr.  Kennelly.] 
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EESONANCE  IN  ALTERNATING  CURRENT  LINES. 


BY   EDWIN  J.    HOUSTON  AND   A.    B.    KBNNBLLT. 


In  a  paper,  by  one  of  the  authors,  on  the  subject  of  "  Im- 
I)edance,"  read  before  the  Insiitute^  on  thelSth  April,  1893,  the 
drop  of  pressure  in  conductors  carrying  alternating  currents 
and  assumed  to  possess  no  capacity,  was  considered.  In  the 
present  paper,  it  it  proposed  to  consider  the  conditions  of  cur- 
rent and  pressure  in  an  alternating  current  circuit,  possessing 
electrostatic  capacity  as  well  as  inductance,  resistance,  and  leak- 
age. 

The  objects  of  the  present  paper  are,  therefore: 

(1)  To  present  the  formula  expressing  the  variation  of  electric 
current  and  pressure  in  an  alternating  current  circuit  under  the 
most  general  conditions,  and  in  its  simplest  form. 

(2)  To  present  calculations  for  the  pressure  and  current  in 
any  alternating  current  circuit,  by  a  graphical  method. 

(3)  To  investigate  the  effects  of  static  capacity  in  an  alter- 
nating current  circuit. 

(4)  To  investigate  the  effects  of  capacity  and  inductance  on 
the  delivery  of  energy  at  the  distant  end  of  a  circuit. 

In  Fig.  1,  let  a  b,  be  a  length  of  Z  =  (Zi  +  L^  miles,  or 
kilometres,  of  conducting  circuit,  supplied  at  a,  with  an  b.  m.  f. 
of  E  volts,  and  connected  to  any  desired  apparatus  at  b.  First 
assuming  the  line  to  be  grounded  at  b,  let  e,  be  the  pressure  in 
volts,  and  i,  the  current  strength  in  amperes  entering  the  line 
at  A.  If  the  E.  M.  F.  is  alternating,  the  values  of  e  and  i,  will  be 
their  effective  values,  such  as  are  indicated  by  properly  con- 
structed voltmeters  and  ammeters.     If  the  e.  m.  f.  is  continuous. 


1.    Transactions,  vol.  x,  p.  175. 
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the  values  of  e  and  i,  will  be  their  ordinary  numerical  values. 
If  the  E.  M.  F.  is  alternating  sinusoidally,  b  and  i,  will  possess 
not  only  numerical  magnitudes,  but  also  direction  in  a  plane. 
Let  e^  be  the  e.  m.  f.  in  volts,  and  t,  the  current  strength  in  am- 
peres at  B,  the  receiving  end  of  the  line.  When  b,  is  grounded, 
we  must  have  ^  =  0,  and  when  b  is  insulated,  i  =  0.  At  any 
intermediate  position  o,  in  the  line,  distant  l,,  miles  or  kilo- 
metres from  A,  and  L2  =  l  —  Lj  from  b,  let  the  e.  m.  f.  be  e,  and 
the  current  strength  i. 

In  any  circuit,  whether  alternating  or  continuous,  we  assume 
that  the  pressure  and  current  are  known  at  one  end  of  the  line 
at  least ;  that  is  to  say,  we  know  either  e  and  i,  or  e  and  i.  It 
is,  therefore,  required  to  determine  e,  and  i,  at  all  intermediate 
distances  under  the  given  conditions. 


Fig.  1. 

Under  ordinary  conditions  we  have  to  supply  at  the  distant 
end  of  the  circuit,  a  steady  pressure  of  e  volts,  to  a  transformer, 
motor,  or  other  translating  device,  and,  when  the  load  is  known, 
i,  is  usually  known. 

In  practice,  lines  are  not  usually  grounded,  a  metallic  circuit 
being  employed.  It  is  probably  simpler,  however,  to  discuss 
the  phenomena  as  they  occur  on  ground-return  circuits,  and  then 
to  bring  metallic  circuits  within  the  treatment,  by  regarding 
them  as  composed  of  two  parallel,  grounded  circuits,  with  the 
ground  connection  at  the  center  of  the  generating  e.  m.  f.  at  a, 
and  at  the  center  of  the  translating  device  at  b.  Each  line  will 
then  have  half  the  e.  m.  f.  and  half  the  impedance  of  the  trans- 
mitter and  receiver.     (See  Appendix  III). 

Regarding  now  the  line  a  b,  as  being  perfectly  insulated  be- 
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tween  a  and  b,  and  as  operated  by  a  continuous  e.  m.  f.,  we 
know  that  the  pressure  at  any  point  is  equal  to  the  terminal  pres- 
sure, with  the  addition  or  subtraction  of  the  drop,  according  to 
the  terminal  considered,  or 

e  =  £—  IZi  r  z=  e-^-iZir  volts  (1) 

and 

i  =z  I  =z  i  amperes  (2) 

where  r,  is  the  resistance  of  the  conductor  in  ohms  per  mile  or 
kilometre.  The  above  simple  relations  between  pressure,  cur- 
rent, and  distance,  in  a  continuous  current  circuit,  undergo  com- 
paratively simple  variations  in  an  alternating  current  circuit. 
Suppose  an  alternating  e.  m.  f.,  e,  of  the  sinusoidal  type,  and  of 
angular  velocity  a>  =  2  ;m,  n  being  the  frequency,  be  employed 
on  the  line  at  a,  with  a  current  i,  which  may  or  may  not  be  in 
phase  with  e.  The  line  may  possess  an  inductance  of  I  henrys 
per  mile  or  kilometre,  a  capacity  of  c  farads  per  mile  or  kilo- 
metre, and  a  leakage  conductance  (the  reciprocal  of  insulation) 
of  g  mhos  per  mile  or  kilometre.  Then  formula  (1)  becomes,  in 
the  case  where  all  these  quantities  are  present. 
e  =  -fecoshZiS —  /ysinhZjS  =  ^coshZj  z  -{-iyAnh  L^z.  (3) 

i  =  /cosh  ZiS  —  -  sihh  L^z  -=  i  cosh  I^z  -A-  —  sinh  L^z.   (4) 

y  y 

It  will  be  seen  that  formula  (3)  dijBfers  from  formula  (1)  in  that 
the  pressures  jB*  and  <?,  are  multiplied  by  the  hyperbolic  cosine 
of  the  quantity  Zj  2,  or  L^  «,  according  to  the  end  of  the  line  con- 
sidered, while  the  current  strengths /and  %  are  multiplied  by  the 
hyperbolic  sines  of  the  same  quantity,  and  also  by  the  quantity  y. 

In  other  words,  the  pressure  at  any  point  on  the  line,  instead 
of  being  equal  to  the  pressure  at  some  other  point  of  reference, 
plus  or  minus  the  drop  between  them,  is  equal  to  that  reference 
pressure  multiplied  by  the  hyperbolic  cosine  of  a  function  of  the 
intervening  distance,  plus  or  minus  a  drop  ly  sinh  Lz^  which  is 
also  a  function  of  the  intervening  distance,  and  these  two  quanti- 
ties are  not  added  numerically  but  geometrically. 

Formula  (4)  is  a  more  complex  form  of  formula  (2) 

The  quantities  y  and  £,  in  formulas  (3)  and  (4),  depend  on  the 
impedances  of  the  conductor  and  of  the  dielectric.  The  impe- 
dance of  the  conductor  may  be  graphically  represented  as  follows : 
Let  the  line  r  (Fig.  2),  represent  to  scale,  the  resistance  of  the 
conductor  per  mile  (or  kilometre),  and  let  I  co,  be  the  conductor 
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reactance  per  mUe,  or  the  product  of  the  angular  velocity  of  the 
B.M.F.  and  the  inductance  in  henrys  per  mile.  Then  the  vector 
sum  will  be  (r  +^'  I  ai)  where^  =  V  —  1,  will  be  the  conductor 
impedance,  shown  by  the  dotted  line  o.  i.,  and  hereafter  con- 
contracted  0. 1.,  expressed  in  ohms  per  mile  at  the  angle  a. 

The  impedance  per  mile  of  the  dielectric  has  next  to  be  found. 
Here  we  have  a  capacity  in  parallel  with  a  leakage.  The  joint  ad- 
mittance of  these  quantities  will  be  the  sum  of  their  separate  ad- 
mittances g  +y  c  ft>,  Fig  3.  The  length  of  the  line  g^  representing 
the  leakage  conductance  per  mile  in  mhos,  and  c  at,  the  dielectric- 
fiusceptance  per  mile,  obtained  by  multiplying  the  capacity  in 
farads  per  mile  by  the  angular  velocity  w.   Then  the  line  d.  a.  will 


Pig.  2. 


.-^ 


l<a 
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.^^ 


Pio.  5. 


Fig.  8. 
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Fig.  4. 
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be  the  dielectric-admittance,  hereafter  contracted  d.  a.,  in  mhos 
per  mile,  at  the  angle  /3.  The  dielectric-impedance  d.  i.  will  be 
the  reciprocal  of  this  admittance  at  the  same  angle  —  /9,  but  neg- 
ative, or  below  the  line,  as  represented  in  Fig.  4. 

The  quantity  s,  is  the  geometric  mean  of  the  conductor  impe- 
dance and  the  dielectric  admittance,  or 

s  =   ^  C.I.  X  D.A.y  in  the  most  general  case  a  vector  at  an 

angle  ^  "|"  ^  as  shown  in  Fig.  6.     This  quantity  2,  will  hereafter 
2 

be  described  as  the  mean  c.  i.  d.  a.  ;  i.e.  the  geometrical  mean  of 

the  conductor-impedance  and  the  dielectric-admittance. 

y  =   VC.I.  X  D'L        ,  in  the  most  general  case,  a  vector  at  an 
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angle  ^~^,a8  shown  in  Fig.  6.     This  quantity  y,  will  hereafter 

be  described  as  the  m.  o.  d.  i.  (geometrical  mean  of  conductor 
and  dielectric  impedances).  When  the  line  is  very  long,  the 
apparent  resistance  of  the  line  from  the  sending  end  is  y,  so  that 

the  current  strength  entering  the  line  will  be  /  =  -  amperes. 

To  illustrate,  suppose  a  line  whose  conductor  has  a  resistance 
of  2  ohms  per  mile,  and  an  inductance  of  20  millihenrys  per  mile, 
a  perfect  insulation  {g  =  0),  and  a  capacity  of  half  a  microfarad 
per  mile  (c  =  0.5  X  10"*).  Let  oi  =  2000,  corresponding  to  a 
frequency  n  =  318.3  then, 

liozzi  0.020  X  2000  =  40  ohms,  and  o  a>  =  lO"*  =  —  mho, 

'  1000         ' 

then  the  conductor  impedance,  o.  i.  =  40.05  /87°  08'  ohms.  The 
dielectric-admittance  d.  a.  =  10"*  /90°  mho.  The  dielectric-im- 
pedance D.  I.  =  1000  \  90^  ohms. 


Then  2  =  m.o.  i.  d.  a.  =  Vo.04U05  / 177°  08'  =  0.2001  /88°3-t^ 
y  =  M.O.D.I.  =  ^40.05x1000/2°  52'=  800.1  /1°  26' ohms. 

The  quantities  Lj  z  and  Lj  s,  are  prolongations  of  s;  i.^.,  vec- 
tors obtained  by  multiplying  3,  by  i^  and  i^  and  setting  off  the 
product  at  the  angle  of  «,  in  this  case  88°  34'. 

In  order  to  determine  e  and  i ,  we  require  to  find  the  hyper- 
bolic sine-  and  cosine  of  the  quantities  i^  z  and  Ls  z.  If  l^  z  and 
L2  2,  were  mere  numerical  magnitudes,  their  hyperbolic  sines  and 
cosines  could  be  determined  from  tables  of  those  functions,  but 

since  Li  z  and  Lj  2,  are  vectors  whose  angle  is  ?-lt_i:,  the  hyper- 
bolic sines  and  cosines  are  vectors  and  are  tedious  to  compute. 
This  labor  can  be  avoided  by  the  use  of  Plate  I,  which  will  give 
•  by  inspection*,  the  value  of  any  hyperbolic  sine  and  cosine  within 
a  certain  range  of  magnitude,  sufficient  for  most  practical  pur- 
poses. 

When  the  plate  is  employed  to  determine  hyperbolic  cosines, 
it  is  held  so  that  the  letters  b,  appear  in  their  correct  position  to 
the  observer.  To  determine  hyperbolic  sines,  the  plate  is  held 
at  right  angles  to  this  position. 

If  we  have  a  point  />,  Fig.  7,  situated  in  a  plane,  and  we  know 
its  rectangular  coordinates  x  and  y,  we  may  readily  determine 
its  polar  coordinates  r  and  0^  by  calculation.     Thus,  if  a?  =  1 

1.  Plate  I,  on  an  enlarged  scale,  may  be  obtained  from  the  Secretary. 
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and  y  =  1,  r  =  1,414  and  0  =  45°.  We  may  either  transform 
the  coordinates  by  computation  in  each  case,  or  we  may  carry  out 
the  process  graphically.  This  could  be  done  by  drawing  lines 
parallel  to  x  and  y  at  suitable  distances  apart,  intersecting  every- 
where at  right  angles,  and  marking  off  from  the  point  a?  =  0, 
y  =  0,  as  center,  a  series  of  concentric  circles,  and  radii  inter- 
secting all  these  circles  at  successive  angular  distances  at  right 
angles.  We  could  then  find  directly  from  the  diagram,  by  in- 
spection, the  polar  coordinates  of  any  point  whose  rectangular 
coordinates  are  given. 

Plate  I  is  intended  for  the  purpose  of  giving  by  inspection 
the  polar  coordinates  of  a  vector  point,  representing  the  hyper- 


Pig  7  — Determination  of  the  Hyperbolic  Cosine  of  the  Plane  Vector  whose  co- 
ordinates are  X  =  0  2  and  Y=  0.7-    Result  0.5  /2r  J5'. 


bolic  sine  or  cosine  of  a  given  vector,  whose  rectangular  co- . 
ordinates  x  and  y  are  known.  *  A  series  of  ellipses  represent 
values  of  a?,  and  a  series  of  hyperbolas,  everywhere  intersecting 
the  ellipses  at  right  angles,  represent  the  values  of  y.  At  the 
intersection  of  any  ellipse  value  of  a?,  with  the  hyperbola  value 
of  y,  will  be  the  radius  and  angle,  i.  e„  the  polar  coordinates^ 
of  the  hyperbolic  sine  or  cosine,  according  to  the  direction  in 
which  the  plate  is  held  by  the  observer. 

If,  for  example,  we  take  the  coordinates  x  =  0.2  and 
Y  =  0.7,  and  enter  the  plate  for  hyperbolic  cosines,  we  will 
find,  as  in  Fig  7,  that  startinoj  from  the  horizontal  line  00,  or  the 
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major  axis  of  the  ellipses  at  the  right  hand  extremity,  and  count- 
ing Y,  counter-clockwise,  we  find  a  hyperbola  b  k  f,  Fig.  7. 
This  hyperbola  is  marked  y  =  0.7.  We  then  find  the  ellipse 
X  =  0.2,  c  R  D,  and,  at  the  intersection  of  these  two  lines 
will  be  the  point  whose  polar  coordinates  give  the  hyperbolic 
cosine  of  the  vector  sought;  namely  b  =  0.5,  /21°  15',  for  r, 
lies  on  the  circle  of  radius  0.5,  at  an  angle,  counted  counter- 
clock- wise  from  o  D,  of  approximately  21°  15^ 

Turning  Plate  I  through  90°,  and  again  starting  in  this  posi- 
tion, from  the  horizontal  line  00,  or  the  line  of  minor  axes  of 
the  ellipses,  we  enter  the  plate  for  the  hyperbolic  sines  of  the 
same  vector  whose  coordinates  are  x  =  0.2  and  y  =  0.7.  We 
travel  counter-clockwise  from  the  right  over  the  same  ellipse  as 
previously  employed,  and,  at  its  intersection  r.  Fig.  8,  with  the 
hyperbola  o  r  d,  of  y  =  0.7,  we  have  the  point  whose  polar 
coordinates  give  the  hyperbolic  sine  required.  This  point  lies 
between  the  circles  r  =  0.9  and  r  =  0.95,  but  nearer  to  the 
former  and  approximately  at  a  radius  r  =  0.92  and  an  angle  of 
approximately  84®  15'. 

It  will  be  observed  that  the  ellipses  are  carried  by  successive 
steps  of  0.05,  as  far  as  a;  =  1.25,  so  that  the  diagram  is  limited  in 
the  range  of  abscissas  to  this  amount.  Since,  however,  counting 
counter-clockwise,  y  passes  from  0,  at  the  right  hand  side  to  1,. 
at  the  vertical,  2  at  the  left  hand  side,  3  at  the  lower  vertical,  and 
4  at  the  starting  point  on  the  right  hand,  and  so  on,  1  to  every 
90^,  or  4  per  revolution  around  the  diagram,  any  value  of  y,  can 
be  accommodated. 

The  diagram,  therefore,  becomes  practically,  to  a  moderate  de- 
gree of  approximation,  a  graphic  table  of  hyperbolic  sines  and 
cosines  of  any  vector  quantity  contained  between  the  rectangular 
coordinates  a?  =  e>,  y,  =  e>  and  x  =  1.25  y  =  oc .  This  range 
is  suflicient  for  most  problems  that  present  themselves.  Formu- 
IsB  for  computing  hyperbolic  sines  and  cosines  beyond  this  range 
are  given  in  Appendix  I. 

In  order,  however,  to  obtain  this  extended  range  of  y,  by  re- 
peating its  value  in  successive  cycles  of  4,  it  has  been  necessary 
to  alter  the  numerical  values  of  the  ordinates  y.  Since  the  nat- 
ural period  of  revolution  is  2  ;r,  or  6.2832,  corresponding  to  y  = 
4  in  the  diagram,  each  unit  ordinate  of  the  diagram  corresponds  to 

— ^  or  1.5708.  In  entering  the  plate,  the  ordinate  of  the  vector  Lj  s^ 
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JIiG.  8.— Determination  of  the  Hyperbolic  sine  of  the  Plane  Vector  whose  coor- 
dinates are  X  =  0.2  and  Y  =  0.7.    Result  0.92  /84'15' 
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or  Ljg  must  be  reduced  in  the  ratio  of  1  : 1.5708  or  be  multiplied 
by  0.6366.  Thus,  if  LiS  happens  to  be  1.118  /79^42\  we  should  find, 

as  in  Fig.  9,  that  x  =  0.2  and  y  =  1.1.     Multiplying  y,  by  — or 

0.6366  we  have  (Fig.  9),  y  =  0.7  and  the  hyperbolic  sine  and  co- 
sine of  a?  =  0.2  and  y  =  0.7  are  already  given  in  Figs.  7  and  8. 

Plate  II.  affords  a  graphical  means  of  accomplishing  this  re- 
duction of  the  y  coordinate  by  inspection.  If,  for  example,  we 
look  for  y  =  1.1  along  the  axis  of  abscissas,  we  find  y  =  0.7  as 
the  corresponding  ordinate.  So  that  having  found  the  abscissa 
X  and  ordinate  y,  corresponding  to  a  given  vector  ls,  we  find  from 
Plate  II.  Y,  the  transformed  value  of  y,  and  enter  Plate  I.  with  x 
and  Y. 


«-o^ 


Fio.  9 — Showing  Analysis 
oiLt  into  Rectangu- 
lar components  to 


Fio.  10 — Diagram  of  pressure  commencing  at~^ 
insulated  distant  end  e  —  1000  /O"* 


Returning  to  the  general  equations  (3)  and  (4),  if  the  distant 
end  of  the  line  b,  be  insulated,  the  current  at  b,  is  zero,  or  i  =  0, 
and,  therefore,  e  =  ^  cosh  Lj  z^  and  e  =  ^  cosh  l  z.  We  only 
require  therefore,  to  multiply  the  terminal  e.  m.  f.  at  b.  Fig.  1, 
by  the  hyperbolic  cosine  of  the  quantity  i^^,  to  determine  the 
pressure  at  any  point  along  the  line  under  these  conditions. 

Plate  III.,  at  a,  represents  a  line  100  miles  in  length,  for  which 
the  quantities  r.  I,  {?,  g^  ft>,  z  and  y,  have  already  been  determined 
above.  If  this  line  be  considered  as  insulated  at  the  distant  end, 
on  the  left  hand  side  of  the  plate,  at  0  miles,  and  that  a  pressure 
of  1000  volts  effective  is  maintained  there  by  suitable  adjustment 
of  the  sinusoidal  e.  m.  f.,  generated  at  the  sending  end  on  the 
right  of  the  diagram,  100  mile»  away,  the  pressure  falls  rap- 
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idlj  aloDg  the  line  marked  volU^  until  it  reaches  a  minimum 
of  about  50  volts,  eight  miles  from  the  receiving  end.  That 
is  to  say,  if  the  line  were  only  eight  miles  long,  and  a  sinu- 
soidal generator,  of  angular  velocity  2000  radians  per  second, 
were  inserted  at  this  point,  it  woul^  only  be  necessary  to 
maintain  a  pressure  of  about  50  volts  effective  at  the  generator 
terminals,  in  order  to  maintain  the  pressure  of  1000  volts  effec- 
tive at  the  insulated  receiving  end.  At  a  distance  of  about  16 
miles  from  the  receiving  end,  the  pressure  again  ris^  to  1000 
volts,  and  continues  to  rise  and  fall  rhythmically  in  stationary 
waves,  the  length  of  which  is  approximately  16  miles.  It  will 
be  observed  that  the  amplitude  of  the  waves  diminishes  toward 
the  sending  end,  while  the  average  value  of  the  pressure  increases, 
so  that  if  the  length  of  the  line  were  made  sufficiently  great,  the 
pressure  would  rise  very  considerably  at  the  sending  end,  and  the 
waves  or  fluctuations  in  the  pressure  would  practically  disappear. 
In  other  words,  cosh  L33,  and  sinh  Ls^,  approach  more  and  more 
nearly  circular  paths,  since  the  ellipses  of  a?,  show  less  and  less  el- 
iipticity  as  their  numerical  value  increases. 

Similarly  by  formula  (4),  for  an  insulated  line,  i,  being  equal 

to  0,  we  have  e  =  -  sinh  Lj  2,  and  the  curve  of  amperes  at  a. 

y 

Plate  III,  represents  the  corresponding  series  of  currents  for  this 
lino.  This  current  commences  at  0,  at  the  receiving  end,  where 
the  line  is  open,  and  in  the  next  eight  miles  inci*eases  to  five 
amperes,  falling  againr  in  the  next  eight  miles  to  about  0.5  am- 
pere, the  wave  length  of  the  stationary  waves,  being  also 
approximately  16  miles,  and  the  current  strength  increases, 
steadily  rising  towards  the  sending  end,  the  amplitude  of  the 
fluctuations  diminishing. 

The  maxima,  or  crests  of  the  current  waves,  coincide  with 
the  minima,  or  troughs,  of  the  pressure  waves,  and  vice  versa. 
Moreover,  the  pressure  and  current  coincide  in  phase  at  each 
pair  of  maxima  and  minima,  so  that  the  phase  of  the  current 
and  pressure  coincide  four  times  in  each  wave  length. 

Following  the  line  of  volts  from  0,  at  the  receiving  end  of  the 
line,  and  taking  the  pressure  of  1,000  volts  there  received  as  the 
standard  of  phase,  the  pressure  advances  steadily  in  phase  as  we 
approach  the  sending  end.  At  eight  miles  from  the  receiving 
end,  the  phase  is  90°  or  a  quarter  cycle,  in  advance;  at  16  miles 
180°;  at  82  miles,  360°,  or  one  complete  cycle ;  at  94  miles,  three 
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complete  cycles.  In  other  words,  if  we  consider  the  pressure  at 
the  sending  end  (100  miles)  as  at  standard  phase,  the  pressure  at 
the  receiving  end  will  lag  more  than  three  complete  cycles. 
Similarly,  the  current  along  the  line  of  amperes  will  at  0  mile 
be  of  strength  0,  but  J.  cycle  ahead  of  the  pressure,  and  will 
steadily  advance  in  phase  towards  the  sending  end,  and  at  100 
miles  the  current  will  l)e  nearly  3J  cycles  ahead  of  the  current 
at  the  receiving  end. 

Fig.  10  represents  the  phase  variation  of  the  pressure  in  the 
first  40  inilea ;  o  a,  represents  1,000  volts,  the  received  pressure 
at  the  insulated  distant  end,  at  standard  phase  ;  o  b,  represents 
50  volts  /90*^,  the  pressure  about  eight  miles  along  the  line;  o  c,, 
iOOO  volts  /1 80°  or  negative,  the  pressure  at  about  16  miles;  o  d, 
150  volts  /270°  or  150  VW  at  about  24  miles;  o  e,  1,000  volts 
/0°  at  about  32  miles;  o  f,  220  volts  /90°,  at  about  40  miles. 

From  this  diagram  it  is  evident  that  a  complete  wave  of  pres- 
sure, having  reference  both  to  phase  and  amplitude,  is  about  32 
.  miles  in  length,  but  in  relation  to  amplitude  only,  is  about  16 
miles.  Similar  reasoning  applies  to  the  current  strengths,  and 
it  is  evident  that  at  points  along  the  line  differing  in  distance 
by  16  miles,  the  current' is  in  opposite  directions  at  any  and 
every  instant. 

Plate  III,  shows  at  b,  the  conditions  of  current  and  pressure 
existing  along  the  line  when  the  distant  end  is  grounded  at  0 
miles,  and  a  current  of  one  ampere  is  caused  to  flow  to  ground. 
In  this  case  the  pressure  is  zero  at  the  distant  end,  and  formula 
(3)  gives 

e  =  i  y  sinh  I^z;  i  =  i  cosh  Zj  5,  with  i  =  1  /O^  amperes. 

The  curve  amperes  commences  at  1,  and  at  eight  miles  falls  to 
about  0.05  ampere  /  90^  ;  the  pressure  at  the  same  distance  be- 
ing about  200  volts  /  90°,  so  that  the  pressure  and  current  are  in 
phase.  They  then  fall  out  of  phase,  until  at  16  miles,  when  they 
come  into  phase  again  at  values 

i  =  1.0  /1 80°  ampere  approximately. 

e  =  20  /1 80°  volts  approximately. 

The  same  general  conditions  are  maintained  throughout  the 
line  along  the  b,  carves ;  namely,  the  pressure  and  current 
come  into  step  every  eight  miles.  The  phase  advances  90°  for 
each  eight  miles  toward  the  sending  end.  The  wave  length,  in 
reference  to  amplitude  alone,  16  miles,  and  in  reference  to  both 
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amplitude  and  phase  32  miles.  The  pressure  and  current,  on  the 
average,  rise  towards  the  sending  end,  while  the  fluctuations  di- 
minish in  amplitude,  or  are  damped  out. 

At  94.5  miles  the  current  strength  is  1.12  /0°  amperes. 

At  94.5  miles  the  pressure  is  100  /0°  volts, 
making  the  apparent  resistance  of  the  line  at  this  point  approxi- 
mately 90  ohms.  The  actual  resistance  of  the  hue  is,  from  the 
data  assumed,  2  X  94.5  =  189  ohms,  or,  roughly,  twice  as  much, 
80  that  the  current  strength  delivered  to  the  line  is  about  twice 
as  great  as  that  which  would  be  delivered  by  a  continuous-cur- 
rent pressure  of  the  same  amount.  The  current  delivered  at  the 
distant  end  (1  ampere)  is  nearly  double  that  which  the  line  would 
deliver  if  operated  by  the  same  continuous  current  pressure. 

Plate  III,  shows,  at  o,  the  conditions  which  are  maintained  be- 
tween the  pressure  and  current  when  a  current  of  one  ampere  is 
delivered  at  the  distant  end  of  the  line,  under  a  pressure  of  1000 
volts,  representing  a  resistance  of  1000  ohms,  such  as  a  number  of 
incandescent  lamps  in  series  to  ground  at  the  distant  end,  and  a 
total  activity  is  delivered  of  1000  watts.  In  this  case  formulas 
(3)  and  (4)  become 

e  ^e  cosh  L^  +  W  ^^^^  A^  *"d  i  =  i  cosh  L^  +— sinh  L^  z* 

y 

^      The  volt  curve  is  here  the  vector  sum  of  the 
two  volt  curves  in  a  and  b.    The  ampere  curve  is 
similarly  the  vector  sum  of  the  two  ampere  curves 
in  A  and  b.     In  other  words,  if  a  certain  current 
strength  is  necessary  at  any  point  in  the  line  as 
at  A,  Plate  III,  to  maintain  a  pressure  of  1000 
volts,  with  no  current,  while  another  current 
strength  is  necessary  at  the  same  point,  as  at  b, 
Plate  III.,  to  maintain  one  ampere  of  delivery 
with  no  pressure;  then  the  sum   of  these  two 
currents,  at  o,  or  a  +  b,  will  deliver  one  ampere 
and  also  maintain  1000  volts  at  the  distant  end. 
For  example.  Fig.  11  represents  by  the  line 
P       11  —Vector  ^  ^'  ^^®  current  strength  (3.35  /79''  30'  amperes) 
Sum  of  Current  in  the  wire  at  a  distance  of  35  miles  from  the  re- 
Strengths,  ceiving  end,  as  at  a,  when  1000  volts  and  0  am- 
peres are  delivered.    The  line  a  b,  similarly  represents  the  cur- 
rent strength  (0.79  /8*^  10'  amperes),  in  the  wire  as  at  b,  when 
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0  volts  and  1  ampere  are  delivered.  The  vector  sum  o  b  (3.70 
/68^  amperes,  represents  the  current  strength  at  this  point  when 
1000  volts  and  1  ampere  are  delivered,  as  at  o. 

The  general  conditions  c,  being  the  sum  of  those  at  a  and  b, 
must  be  similar  to  those  already  traced,  namely,  the  current  and 
pressure  are  in  phase  at  0,  8,  16,  24,  32,  40,  48,  56,  64,  72, 
79,  86  and  94  miles  approximately.  They  both  rise  in  value,  on 
the  average,  towards  the  sending  end,  with  fluctuations  diminish- 
ing in  amplitude,  the  phase  advances  by  90*^,  every  eight  miles 
(nearly).  At  94  miles,  the  pressVire  is  1220  volts  /O*^  and  the  cur- 
rent 3.6  /O^  amperes. 

The  apparent  resistance  of  the  line  at  this  point  is,  therefore, 
339  ohms,  and  the  activity  1220  X  3.6  =  4392  watts.  The  con- 
tinuous-current pressure,  which  would  have  been  required  at  this 
point,  to  supply  one  ampere  at  the  distant  end,  would  be  1188 
volts,  and  the  activity  1188  watts.  We,  therefore,  require  nearly 
four  times  as  much  activity  in  this  line  at  a  frequency  of  318.3  '^ 
to  yield  the  same  power  at  0  miles,  as  is  required  from  a  continu- 
ous source  of  e.m.f. 

It  is  to  be  observed  that  while  the  pressure  and  current  strength 
fluctuate  in  value  as  we  pass  along  the  line,  the  activity  in  the 
line  does  not  fluctuate,  but  increases  from  1000  watts  at  0  miles, 
to  4392  watts  at  94  miles.  The  rise  is  not  uniform,  being  greater 
at  the  antinodes  of  current,  or  at  the  crests  of  the  current  waves, 
since  the  ^^  r  expenditure  is  greatest  at  those  points ;  but  the  ac- 
tivity never  ceases  to  rise  as  we  advance  toward  the  generator  ; 
for,  it  is  evident  that  the  activity  in  the  line  at  any  point,  ex- 
pressed by  the  co-directed  product  of  pressure  and  current  there 
existing,  must,  under  the  conditions  here  assumed,  be  equal  to 
the  terminal  activity  of  1000  watts,  plus  the  total  i*  r  activity 
spent  in  the  line  up  to  the  point  considered. 

The  conditions  of  the  line  considered  in  Plate  III.  are  not  such 
as  occur  in  practice.  The  frequency  of  318.3  ^  is  only  known 
in  telephony,  being  six  or  eight  times  as  great  as  would  be 
employed  for  long-distance  power  transmission.  The  capacity  of 
0.5  microfarad  per  mile  would  only  be  obtained  in  large  buried 
•cables,  and  the  inductance  of  20  millihenrys  per  mile  is  several 
times  greater  than  usually  occurs. 

Nevertheless,  we  have  assumed  these  extreme  conditions,  part- 
ly for  the  purpose  of  obtaining  conditions  favorable  to  the  devel- 
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opmeut  of  resonance  in  the  line,  and  partly  to  disprove  the  claim 
that  ha3  been  made  as  to  the  economy  offered  by  resonant  lines 
for  the  transmission  of  power.  It  is  evident  that  if  a  conductor, 
intentionally  loaded  with  inductance  and  capacity  so  as  to  be 
resonant  to  the  frequency  employed,  offered  economical  advan- 
tages for  the  transmission  of  power,  there  would,  probably,  be  no 
great  difficulty  in  artificially  loading  and  adjusting  the  line  reso- 
nance. For  this  reason  the  investigation  of  purely  hypothetical 
conditions  is  not  devoid  of  practical  interest. 

It  is  clear,  from  an  examination  of  the  conditions  at  b,  as  al- 
ready described,  that  the  resonance  of  the  line  enables  a  greater 
current  strength  to  be  supplied  through  the  grounded  distant 
end  than  would  otherwise  be  possible.  In  other  words,  by 
heavily  loading  the  line  of  2  ohms  per  mile,  with  inductance  and 
capacity  until  its  inductance-reactance  is  40  ohms  per  mile,  and 
its  capacity-reactance  1,000  ohms  per  mile,  we  can  deliver, 
roughly,  twice  as  much  current  to  ground  through  the  distant 
end,  over  any  length  between  eight  and  24  miles,  as  would  be 
possible  with  an  unloaded  line.  Under  these  circumstances, 
however,  the  current  delivers  no  energy.  In  order  that  it  may 
deliver  energy,  the  pressiu-e  at  the  distant  end  must  be  raised. 
When  this  is  done,  as  at  o,  the  advantage,  at  first  gained,  by  in- 
creasiug  the  possible  current  strength,  is  soon  more  than  lost  by 
the  additional  expenditure  of  power  in  the  line. 

In  any  alternating-current  circuit,  if  there  is  no  loss  of  energy, 
by  leakage  and  hysteresis,  in  the  dielectric  surrounding  the  con- 
ductor,  that  is  to  say,  if  the  line  is  aerial,  and  is  perfectly  in- 
sulated, the  activity  delivered  to  the  line  at  the  sending  end 
must  be  equal  to  the  power  delivered  at  the  receiving  end,  plus 
that  wasted  in  the  line  as  i^  r.  Any  method,  therefore,  of  sup- 
plying a  given  number  of  volts  and  amperes  at  the  distant  end, 
which  entails  variation  from  the  mean  or  average  value  of  the 
current  strength,  i.e.  any  method  which  induces  fiuctuations  in 
the  current  strength,  must  unduly  increase  the  total  expenditure 
of  i*  r,  and  entail  either  a  greater  loss  in  transmission,  or  a  greater 
expenditure  in  copper,  except  where  the  current  to  be  delivered 
is  great,  and  its  delivery  pressure  small,  conditions  opposed  to 
long  distance  transmission.  In  the  case  represented  at  c,  Plate 
III,  the  activity  absorbed  by  the  line  is  4,392  watts  at  94  miles, 
of  which  only  1,000  watts  are  delivered  at  the  distant  end,  mak- 
ing a  loss  of  3,392  watts  in  the  line,  or  an  average  loss  of  36.1 
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-V^atts  per  mile,  due  entirely  to  ^'  r,  and  such  as  would  be  pro- 
•duced  by  a  steady  current  of  4.25  amperes,  the  actual  current 
fluctuating  between  1  and  5.95  amperes.  Continuous-current 
transmission,  or  alternating-current  transmission  at  a  low  fre- 
quency, over  the  unloaded  line,  would  have  supplied  1,000  watts 
at  a  steady  current  of  1  ampere,  and  with  a  loss  of  only  1 88 
watts. 

Were  it  possible  to  make  an  alternating-current  transformer, 
or  an  alternating-current  motor,  resonant ;  i.e.^  if  it  were  possible 
to  tune  sympathetically  into  resonance,  not  only  the  line,  but  also 
the  energy  translating  device  at  the  distant  end,  it  might  be  possible 
to  derive  an  advantage  from  the  use  of  a  loaded  circuit,  in  spite 
of  its  greater  i*  r  loss.  But  an  examination  of  the  conditions  of 
resonance  shows,  that  where  resonance  exists,  very  little  work 
IS  being  done.  A  highly  resonant  condenser  has  its  pressure  and 
current  in  quadrature,  and,  generally,  the  mere  existence  of  res- 
onance implies  an  elastic  reflection  of  energy  with  the  minimum 
absorption.  In  other  words,  the  conditions  requisite  for  the 
maximum  delivery  of  work  to  such  a  device,  are  inconsistent  with 
the  conditions  requisite  for  its  resonance. 

While,  therefore,  in  the  case  of  a  telephone  circuit,  it  is  pos- 
sible that  the  current  strength  through  the  distant  telephone, 
may,  at  some  particular  frequency,  or  range  of  frequencies,  be 
increased,  by  loading  the  line,  since  the  amount  of  work  done  in 
•a  telephone  is  small,  yet  when  power  has  to  be  transmitted  over 
a  circuit  on  a  large  scale,  it  is  wasteful  to  load  the  circuit. 

And  now  as  to  the  conditions  favorable  to  the  existence  of 
marked  resonance  in  an  alternating-current  circuit.  When  an 
alternating  e.  m.  f.,  of  e  volts,  is  connected  to  a  condenser  through 
an  inductant  resistance  of  r  ohms,  the  current  strength  in  the 

circuit  will  attain  the  maximum  value  of  —  amperes,  when  the 

R 

inductance-reactance  I  lo^  is  equal  to  the  capacity-reactance  l/cta. 
Similarly,  a  conducting  line  tends  to  vibrate  electrically  in  sec- 
tions such  that  their  inductance-reactance  and  capacity-reactance 
are  equal.  The  complete  wave-length  will  be  2  n-  x  the  length 
^f  conductor  in  which  these  reactances  are  equal.  With  reference 
to  amplitude  only,  the  wave-length  will  be  ;r  X  length  of  equal 
reactances,  and  the  length  in  which  the  maximum  amplitude  of 

vibration  is  attained,  -  X  length  of  equal  reactances.     For  ex- 
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ample,  with  the  line  considered  in  Plate  TIT,  the  inductance- 
reactance  is  40  ohms  per  mile,  and  the  capacity-reactance  1,000 
ohms  per  mile.  In  five  miles,  the  inductance-reactance  and  capac- 
ity-reactance will  both  amount  to  200  ohms,  and  the  complete 
wave-length  will,  therefore,  be  2  ;r  X  5  =  31.42  miles.  As  the 
resistance  of  the  conductor  becomes  more  prominent,  relatively 
to  the  reactances,  not  only  will  the  wave-length  be  interfered 
with,  but  the  vibrations  themselves  will  be  damped  and  obscured. 
So  that,  if  a  line  had  very  small  resistance,  and  the  reactanoes  of 
short  lengths  of  the  line  were  eijual  and  great,  large  and  frequent 
vibrations  would  be  set  up  with  very  little  damping  towards  the 
sending  end ;  or  in  other  words,  marked  resonance  would  be  de- 
veloped. 

Evidently,  therefore,  the  controlling  factor  in  the  development 
of  resonance  is  the  vector  2,  or  the  geometrical  mean  c.  i.  d.  a» 
If  the  length  of  3,  is  small,  and  its  angle  large,  the  vibrations  will 
be  large,  but  of  small  wave-length.  If  its  angle  be  small,  and 
its  length  great,  the  resonant  vibrations  will  either  be  small  or 
entirely  absent. 

When  the  angle  of  z  1845**,  the  maximum  possible  _  a  ^  or  maximum  possible  q  ^ 
dip  in  pressure       —  "^      rise  in  pressure        ^' 

a  .«  it  a     50%  '* 

i.  *«  4«  U        0^0^  «.  «* 

<(  ii  ««  («     rjfko  n  (( 

l(  {«  («  t«      OAo  <(  «( 

«  a  M  .«     350^  ,,  4.  Q7jj  i.  I.  Q70j{^ 

Therefore,  no  fluctuating  rise  in  pressure  in  an  alternating- 
current  circuit  is  possible,  unless  the  angle  of  the  mean  c.  i.  d.  a» 
is  over  45*^,  and  marked  resonance  is  not  to  be  expected  until 
this  angle  is  over  60°.  The  most  favorable  condition  for  develop- 
ment of  resonant  effects  is  when  the  line  is  either  insulated  at 
the  distant  end,  or  is  grounded  through  a  large  impedance,  the 
condition  represented  at  a,  Plate  III.,  2,  having  in  that  instance  an 
angle  of  88°  34',  and  the  rise  in  pressure  being  about  19o0  per 
cent,  or  the  dip  95  per  cent.,  at  8  miles. 

When  a  well  insulated  conductor  has  negligible  dielectric  hys- 
teresis, the  angle  of  the  mean  c.  i.  d.  a.  must  be  over  45®,  and,  conse- 
quently, when  the  distant  end  is  insulated,  the  pressure  must  rise 
along  any  such  alternating-current  circuit,  unless  the  line  is  long, 
and,  in  case  of  marked  resonance,  it  will  rise  and  fall  rhythmically.. 
In  practice,  however,  this  rise  must  be  very  small. 

For  example,  consider  a  Uniphase  circuit  of  two  No.  8  a.  w.  g» 


2.5  i 

i< 

'*        2.6  jj. 

23.4  ;< 
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copper  wires  (diameter  0.325''  or  0.825  cm.)  supported  on  poles 
at  an  interaxial  distance  of  two  feet.  The  inductance  of  each 
wire  in  this  metallic  circuit  will  be  1.69  millihenrjs  per  mile 
(3.38  millihenrys  per  double  mile  or  loop-mile),  and  the  capacity 
of  each  wire  0.0170  microfarad  per  mile  (0.00895  microfarad  per 
loop-mile).  At  the  high  commercial  frequency  of  133  ^  or 
w  =  835.6,  the  inductance-reactance  will  be  1.412  ohms  per 
mile,  and  the  capacity-reactance  66,840  ohms  per  mile.  The 
length  of  line  in  which  th^e  two  reactances  would  become  equal 
is  217.6  miles,  making  the  wave-length,  in  regard  to  amplitude, 
683.6  miles,  and  in  regard  to^  both  amplitude  and  phase,  1,367 
miles.  For  this  line  5,  the  geometrical  mean  o.  i.  d.  a.,  is  0.004745 
/79*^  53'  30',  indicating  by  the  preceding  table,  a  maximum  pos- 
sible rise  of  nearly  270  per  cent.  If  the  loop  were  336  miles 
long,  the  calculated  rise  in  pressure  is  250  per  cent.,  with  the 
distant  end  insulated,  so  that  1,000  volts  at  the  generator  would 
produce  3,500  volts  between  the  insulated  ends  336  miles  away. 
In  existing  practice,  however,  a  more  reasonable  length  would  be 
10  miles,  and  over  such  a  length,  the  rise  of  pressure  would  only 
be  from  1,000  volts  at  the  generator,  to  1,001  volts  at  the  in- 
sulated distant  ends,  a  quite  insignificant  amount,  and  when  even 
a  small  load  is  thrown  on  at  the  distant  end,  the  drop  in  the  line, 
due  to  that  load,  would  neutralize  and  reverse  this  rise  first  pro- 
duced. 

With  reference  to  subterranean  conductors  in  practical  use,  the 
Ferranti  mains  may  serve  as  an  example.  The  particulars  for  these 
mains  ai*e  given  by  Dr.  Fleming  in  his  interesting  paper  on  "  Some 
Effects  of  Alternating-Current  Flow  in  Circuits  having  Capacity 
and  Self-induction,"  as  follows:  (see  Appendix  II)  r  =  0.034  ohm, 
I  =  0.2857  millihenry,  c  =  0.367  microfai-ad,  n  =  67  '^.  The  in- 
ductance-reactance is,  therefore,  0.1203  ohms  per  mile,  and  the 
capacity-reactance,  6472  ohms  per  mile ;  so  that  the  length  in 
which  these  reactances  are  equal  is  231.9  miles.  The  amplitude 
wave-length  would,  therefore,  be  nearly  729  miles. 

Owing,  however,  to  the  very  small  inductance  of  this  line,  the 
angle  of  the  mean  c.  i.  d.  a.  is  only  55^  53',  representing  only  a 
small  rise  of  pressure  under  the  most  favorable  conditions,  -and 
over  such  a  great  length  as  360  miles,  the  resistance  of  the  con- 
ductor would  practically  damp  out  all  resonance.  In  a  length  of 
11.49  miles,  the  maximum  length  tested  by  Dr.  Fleming,  the 
rise  of  pressure  at  no  load  should  be  nearly  0.3  per  cent.,  or  near- 
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ly  30  volts  in  10,000.  Observations  13  and  14  of  Table  I.,  on 
p.  391  of  his  paper,  show  this  rise,  although  other  observa- 
tions show  a  greater  rise.  The  readings  of  the  voltmeters  are 
stated  to  have  necessarily  been  subject  to  some  little  inaccuracy. 

Formulas  (3)  and  (4)  are  capable  of  including  the  effects  of 
dielectric  hysteresis  when  measurements  of  the  same  have  been 
made;  for,  the  effect  of  hysteresis  in  a  dielectric,  is  to  permit  the 
expenditure  of  energy  in  it,  as  though  leakage  occurred  across  it, 
and  the  leakage  conductor  ^,  has  only  to  be  increased  until  ^  ^,  is 
the  total  wasteful  activity  in  watts  in  the  dielectric  per  mile  due 
to  hysteresis  and  leakage  combined. 

The  formulas  are  also  applicable  to  triphase  transmission  when 
the  proper  inductance  and  capacity  of  the  three  conducting  lines 
are  employed.     See  Appendix  III. 

Formulas  (3)  and  (4)  are  in  the  most  general  form  and  assume 
simpler  forms  in  special  cases.  Thus  if  Z  =  o  and  c  =  o,  we 
have  the  case  of  a  leaky  continuous-current  circuit.  In  this  case 
y  and  «,  become  numerical,  instead  of  vector,  quantities.  Conse- 
quently sinh  L  3,  and  cosh  l  ^,  are  numerical  quantities,  capable 
of  being  obtained  from  trigonometrical  tables  of  these  functions. 
The  pressure  in  this  case  never  rises  towards  the  distant  end  of 
the  line.  When  the  distant  end  of  the  line  is  insulated,  the  pres- 
sure falls  along  a  curve  which  is  a  simple  catenary. 

When  g  =  0  and  c  =  o,  we  have  the  case  of  an  alternating- 
current  circuit  with  negligible  leakage  and  capacity.  The  for- 
mulas then  become 

(3)     e  =  E-IL,(r+jlm)^e+yL,{r+jlm). 
(^)    i  =  I  =i 

Here  (r  -{-j  I  ai),  is  the  impedance  of  the  conductor  per  mile,  and 
the  current  strength  remains  the  same  throughout  the  line.  As  an 
example,  suppose  that  the  line  consists  of  a  pair  of  No.  0  a.  w.  o. 
aerial  wires,  each  one  mile  long,  at  an  interaxial  distance  of  2  feet, 
the  frequency  being  140  '^.  If  a  transformer  be  supplied  at  the 
distant  end,  with  a  pressure  of  2000  volts  at  standard  phase, 
and  a  current  strength  of  50  \  10^  amperes,  required  the  pres- 
sure and  current  at  the  generator.  The  impedance  factor  for 
such  a  pair  of  wires  is  3.08,  and  the  angle  whose  secant  is  3.08  is  71  ® 
S\  so  that  the  impedance  per  mile  is  1.602  /71°  3'  ohms.  The  pres- 
sure at  the  sending  end  on  each  line  is,  therefore,  1 000  -|-  50  nTTO^  X 
1.602  /7r  3^  =  1000  +  80.1    \  61°  3',  and  the  vector  sum  of 
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liiese  is  1041.5  /3^  52'.  The  e.  m.  f.,  at  general  terminals  will 
therefore  be  3083  volts  /3°52\  The  current  at  the  generator  is  50° 
\  10°  amperes. 

Although,  as  we  have  seen,  a  sinusoidal  e.m.f.  at  ordinary  com- 
mercial frequencies,  has  very  little  power  to  produce  reso- 
nant effects  in  ordinary  transmission  lines,  yet,  where  promi- 
nent harmonics  eidst  in  the  b.m.f.  of  the  generator,  we  may  ex- 
pect, since  the  frequency  of  these  harmonics  is  some  odd  multiple 
of  the  fundamental  frequency,  that  they  will  be  able  to.  excite 
resonance  when  the  fundamental  practically  fails  to  do  so.  It 
should  be  remembered,  however,  that  in  practice,  the  amplitude 
of  the  harmonics  in  an  e.m.f.  usually  diminishes  with  the  order,  Le.^ 
the  frequency  of  the  harmonic,  and,  consequently,  that  although  a 
high  harmonic  may  be  capable  of  developing  powerful  resonance 
in  a  line  by  reason  of  its  frequency,  yet  by  reason  of  its  small  ini- 
tial amplitude  the  effect  of  such  resonance  on  the  total  pressure 
will  be  necessarily  reduced.  It  is  possible,  however,  under  spe- 
<5ial  conditions,  that  an  e.m.f.,  differing  markedly  from  the  sinu- 
soidal type,  may  give  rise  to  a  considerable  elevation  in  pressure 
at  the  distant  end  of  a  line,  and  this  is  an  argument  in  favor  of 
the  sinusoidal  type  of  e.m.f.  wave  in  generators  for  long  distance 
transmission. 

We  have  not  yet  had  the  opportunity  of  verifying  the  rise  in 
pressure,  or  resonant  effects  here  described,  in  an  actual  alter- 
nating-current circuit.  As  already  pointed  out,  a  circuit  in  order 
to  manifest  suoh  effects  in  marked  degree  should  have  consider- 
able length,  good  insulation,  low  conductor  resistance,  large 
•capacity,  lai^  inductance  and  a  high  frequency. 

Throusjh  the  courtesy  of  the  Pennsylvania  R.  R.  Co  ,  through 
its  Division  Operator,  Mr.  W.  F.  Taylor,  we  were  able  to  make 
«ome  measurements  ef  current  strength  and  pressure  over  various 
lengths  of  telegraph  circuits,  both  with  continuous  and  alterna- 
ting currents,  employing  with  the  latter  a  frequency  of  125  ^. 
The  resistance  of  a  telegraph  line  is  so  large,  relatively  to  its  in- 
ductance and  capacity,  that  at  this  frequency,  the  angle  of  the 
mean  c.  i.  d.  a.  was  only  54°,  and,  consequently,  no  marked  res- 
onant effects  could  be  expected.  There  were,  however,  marked 
differences  between  the  measurements  with  continuous  and  alter- 
nating currents.  The  results  were  in  agreement  with  theory 
within  the  limits  of  uncertainty  as  to  the  magnitude  of  the  in- 
•ductance,  capacity,  and  leakage  of  the  lines. 
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The  effect  of  inductance  in  an  alternating-carrent  circuit,  pos- 
sessing negligible  capacity,  is  to  increase  the  drop  in  the  conduct- 
ing lines,  without  sensibly  increasing  the  energy  expended  in  the 
lines  by  a  given  current  strength.  Consequently,  for  any  given 
activity  supplied  at  the  receiving  end,  at  a  certain  pressure  and 
current,  the  pressure  at  the  generating  end  is  raised  above  that 
which  would  be  needed  if  the  circuit  could  be  operated  by  con- 
tinuous currents.  There  is,  therefore,  a  certain  percentage 
of  increased  capacity  in  the  generating  plant,  i.  e.j  an  increased 
pressure  for  the  same  current  strength,  and  the  cost  of  the 
generating  plant,  therefore,  tends  to  increase,  owing  to  the  induc- 
tance in  the  line,  although  the  expenditure  of  energy  in  the  line  is 
not  sensibly  increased.  The  effect  of  capacity  in  the  circuit  is  op- 
posite to  that  of  inductance,  the  pressure  tending  to  rise  at  light 
loads  along  the  line  under  their  combined  influence.  At  the  same 
time  the  current,  which  is  employed  in  charging  and  discharging 
the  line,  expends  some  energy  in  the  conductor  as  t*n  The  cost 
of  the  plant  is,  therefore,  reduced,  as  the  pressure  at  the  generator 
is  reduced,  but  more  power  is  expended  in  the  conductor.  The 
benetit  to  be  derived  in  this  manner  from  capacity  in  the  line 
is,  however,  limited.  Beyond  a  certain  capacity-reactance,  the 
loss  of  power  in  the  line,  owing  to  its  resonance,  costs  more  than 
the  saving  in  generator  capacity. 

We  conclude,  therefore,  from  the  foregoing,  that  in  an  alter- 
nating-current circuit: 

(1)  The  combined  effect  of  capacity  and  inductance  is  to  pro- 
duce a  tendency  to  resonance. 

(2)  The  tendency  to  resonance  is  favored  by  high  frequency, 
high  insulation,  high  inductance,  high  capacity,  and  high  con- 
ductance. 

(3)  When  the  line  is  free  at  the  distant  end,  the  resonant  effects 
are  more  pronounced  at  that  end  than  at  the  generator. 

(4)  The  determining  factor  for  the  production  of  resonance  is 
the  angle  of  the  vector  geometric  mean  c.  i.  d.  a.,  and  rapidly 
increases  with  the  same. 

(5)  The  complete  wave-length  in  a  resonant  line  is  2  ;r  times 
the  length,  in  which  the  reactances  of  the  inductance  and  the 
capacity  are  equal,  the  maximum  difference  of  pressure  or  cur- 
rent strength  being  exhibited  in  one-quarter  of  this  wave-length. 

(6)  When  resonance  occurs,  the  current  and  pressure  in  the 
circuit  are  not  in  pheise  except  at  their  maximum  and  minimum 
values,  i.  e.^  at  the  crests  and  troughs  of  the  waves. 
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(7)  In  resonant  circuits,  the  lag  of  the  pressure  and  current  is 
90®  between  any  successive  pair  of  maximum  and  minimum 
values. 

(8)  In  ordinary  lines,  worked  sinusoidally  at  ordinary  fre- 
quencies, resonant  effects  are  practically  negligible. 

(9)  Prominent  upper  harmonics  in  the  e.  m.  f.  of  the  generator 
may  sometimes  give  rise  to  appreciable  resonant  effects,  although 
the  resonance  to  die  fundamental  frequency  may  be  inappreciable. 

(10)  A  certain  amount  of  capacity  tends  to  increase  the  plant 
efficiency  of  the  generator,  and  is,  therefore,  economical,  but 
marked  resonance  in  a  line  not  only  ceases  to  be  economical,  but 
is  actually  wasteful. 

(11)  Although,  on  a  large  scale,  less  energy  can  be  delivered 
at  the  distant  end  of  a  powerfully  resonant  line,  than  on  a  non- 
resonant  line,  yet  a  greater  current  strength  can  in  some  casea 
be  delivered  over  a  powerfully  resonant  line. 


Appendix  I. 
Useful  Additional  Foi^mvlas, 
Vectorially,  cosh  (a  +  ^'  J)  =  cosh  a  cos  J  +•/  ®^^^  ^  ^^^  *•  (^} 
"  sinh  (a  +i  ^)  =  sinh  g  cos  &  +  j  cosh  a  sin  h.  (6) 

Numerically,  cosh  (a  +  ^*  J)  =  l^cosh^  a  —  sin^  h.  (7) 

"  sinh  (a  +i  *)  =  Vsinh*'  a  —  sin'  I.  (8> 

The  apparent  resistance  of  a  line  a  b,  from  the  sending  end  a,. 
when  insulated  at  b,  is  y  coth  l3  ohms ; 
"     grounded  at  b,  is  y  tanh  uz  o'hms. 
When  L,  is  great,  these  converge  towards  y  ohms. 
The  apparent  resistance  of  a  b'ne  a  b,  at  the  receiving  end 
B,  when  grounded  at  b,  and  supplied  with  e.m.  f.  at  a,  is  y  sinh 
u&  ohms. 

Example  /.     Required  the  hyperbolic  cosine  of  the  vector 
1.118  /79°  42'  whose  rectangular  coordinates  are  x  =  0.2  and 
y  =  lJU 
by  (5)  cosh  (0.2  +y  1.1)  =  cosh  0.2  X  cos  l.l  +^'  sinh  0.2  X  sin  1.1. 

=  1.0201  X  0.4536  +^*  0.2013  X  0.8912. 

=  0.4627 +y  0.1794. 

=  0.4963  /21;M2;. 

Example  IL     Required  the  hyperbolic  sine  of  the  same  vector 

by  (6)  sinh  (0.2  +  ;  1.1)  =  sinh  0.2  X  cos  1.1  +j  cosh  0.2  X  sin  1.  U 

=  0.2013  X  0.4536  +j  1.0201  X  0.8912., 

=  0.09130 +y3.r"^ 

=  0.9136  /84^  16'. 
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Appendix  III. 

I.  In  the  case  of  a  conducting  line  with  ground-return  circuit, 
r  is  the  res.  in  ohms  per  mile  or  kilometre  of  the  conductor ; 

I      "      ind.  in  henrys       "  "  "  " 

c     "     cap.  to  ground  in  farads        "  "  " 

E     "     enective  e.  m.  f.  at  a.  Fig.  1 ; 
e      "  "  "       "  B,  Fig.  4. 

II.  In  the  case  of  a  pair  of  conducting  lines  overhead,  such  as 
^  Uniphase  aerial  metallic  circuit,  consider  each  line  separately,  as 
being  supplied  with  an  effective  e.m.  f.,  e  equal  to  half  the  effec- 
tive E.  M.  F.  of  tlie  generator,  and  an  effective  e.  m.  f.,  e,  equal  to 
half  the  effective  e.  m.  f.  e  of  the  motor,  transformer  or  trans- 
lating device. 

r  =  res.  in  ohms  per  mile  of  one  wire ; 
I  =  ind.  in  henrys      "  "         " 

c  =  twice  the  capacity  in  farads  per  mile  as  measured  between 
the  wires; 
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g  =  twice  the  conductance  in  mhos  per  mile  measured  between 
the  wires. 

When  the  condnctors  are  buried,  and  each  is  surrounded  with 
a  metallic  sheet,  ^.^.,  a  lead  covered  cable,  c^  is  the  capacity  in 
farads  per  mile  of  each  conductor  to  ground,  and  g^  the  conduc- 
tance (and  hysteretic  coefficient)  in  mnos  per  mile  of  each  con- 
ductor to  ground. 

III.  In  the  case  of  three  triphase  conductors,  consider  each 

line  as  a  single  conductor  operated  to  ground  by  —rd^oi  the  ef- 
fective E.  M.  p.  measured  between  wires  at  each  end,  with  induc- 
tance and  capacity  as  modified  by  the  presence  of  the  two  other 
active  lines. 
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Discussion. 

The  President: — This  paper  is  now  open  for  discussion. 

Mr.  Charles  S.  Bradley  : — Mr.  President,  this  paper  is  a 
little  in  advance  of  my  mathematics.  I  do  not  mean  to  cast  any 
reflection  upon  Mr.  Kennelly  at  all.  It  is  often  said  that  the 
papers  are  too  mathematical.  I  do  not  think  that  is  true  in  this 
case ;  I  did  not  mean  to  insinuate  that  it  was.  It  is  made  as 
plain,  I  think,  as  any  such  matter  can  be  made,  and  I  think  great 
credit  is  due  to  you  both  for  bringing  out  such  a  paper  as  this ; 
for  most  people  want  to  conceal  and  keep  back  for  their  own 
nse  all  of  these  very  valuable  considerations.     This  is  going  to 

Srove  of  great  value  to  the  alternating  current  work,  I  nave  no 
oubt ;  I  am  very  certain  of  it.  Although  I  cannot  fully  follow 
it,  I  can  follow  a  portion  of  it,  and  I  must  say  it  is  very  instruc- 
tive. The  wave  is  a  very  striking  thing,  indeed,  and  I  can  say 
nothing  except  to  praise  the  paper.     I  am  unable  to  criticise  it. 

Dr.  M.  I.  tupiN : — I  venture  to  offer  one  or  two  remarks  only 
on  the  paper.  I  think  that  it  is  a  very  useful  thing  to  have 
certain  mathematical  functions,  with  which  we  are  not  very  well 
acquainted,  worked  out  numerically,  and,  if  possible,  reduced  to 

fraphical  representation.  This  is  especially  true  of  the  so-called 
yperbolic  sine  and  the  cosine.  These  are  the  functions  which 
puzzle  us  considerably  in  the  problem  of  transmission  of  current 
along  a  line  possessing  appreciable  distributed  capacity,  self- 
induction  and  resistance.  The  problem  is  an  old  problem,  and 
used  to  engage  the  attention  of  some  of  the  ablest  pnysicists.  As 
far  as  I  know,  the  earliest  authority  on  this  problem  is  Prof. 
Kirchhoff,  the  same  man  who  discovered  spectrum  analysis.  He 
attacked  the  problem  in  1857,  and  gave  us  what  may  be  con- 
sidered a  complete  solution  of  it.  This  paper  of  Prof.  Kirchhoff 
is  memorable  for  several  reasons,  and  especially  because  in  this 
paper  it  was  stated  for  the  first  time  in  the  history  of  electricity, 
so  far  as  I  know,  that  under  certain  conditions  the  velocity  of 
propagation  of  an  electric  wave  along  a  conducting  wire  is  equal 
to  the  velocity  of  light.  The  result  was  predicted  on  the  basis 
of  the  old  theory. 

The  other  reason  why  this  paper  is  especially  memorable 
is  this:  Prof.  Kirchhon  attacked  the  problem  as  a  physicist 
would  do;  namely,  he  considered  in  the  first  place  a  system 
in  which  there  are  a  certain  number  of  forces  acting. 
Then  he  considered  the  phj'sical  constants  of  the  system, 
and  looked  then  for  the  fundamental  relation  between  these 
forces  and  these  constants.  This  is,  in  fact,  the  method  which 
is  general  to  all  the  physical  problems,  whether  electrical, 
mecnanical  or  any  other  kind.  The  fundamental  relation  which 
he  obtained  between  the  impressed  electromotive  forces  and  the 
physical  constants  of  the  line,  that  is  self-induction,  capacity  and 
the  resistance  per  unit  length,  is  strikingly  the  same  as  the  funda- 
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mental  relations  which  exist  between  the  impressed  forces  on  a 
flexible,  suspended  string  and  the  physical  constants  of  that 
string — namely,  the  weight  per  unit  length,  the  tension,  in- 
ternal resistance,  air  resistance,  etc.  If  the  fundamental  relation 
is  the  same  in  the  two  cases,  it  follows  that  the  vibration  of  the 
string  will  follow  exactly  the  same  law  as  the  transmission  of  an 
electric  wave  alon£^  the  conductor,  exactly  the  same ;  knowing 
one,  we  know  the  other.  That  is  what  I  should  call  reasoning  by 
analogy.  It  is  not  an  analogy  suggested  by  superficial  obser- 
vation, but  it  is  an  exact  analogy.  The  employment  of  such  anal- 
ogies in  our  reasoning  has  Wen  criticised  lately  on  several 
occasions  by  people  who  ought  to  know  better.  Now,  if  we  con- 
sider the  motion  of  a  strine,  we  will  get  most  of  the  results 
which  the  President  and  Mr.  KenneTly  have  indicated  in 
their  very  carefully  worked  out  paper.  We  shall  have  what  they 
choose  to  call  resonance,  when  tne  energy  which  is  communi- 
cated  to  the  line  reaches  the  end  which  is  insulated,  and  is  re- 
flected, and  the  reflected  wave  and  the  incoming  wave  interfere 
and  form  stationary  waves ;  and  An  a  particular  case,  that  is  a 
case  where  we  have  no  damping,  of  course,  the  returning  wave 
would  be  almost  as  strong  as  the  incoming  wave,  and  we  would 
have  maxima  and  minima.  The  minima  would  be  almost  eaual 
to  zero.  In  this  case  they  are  not,  because  there  is  damping. 
Of  course,  it  makes  a  difference  whether  the  line  is  perfectly  in- 
sulated or  not.  The  damping  factor,  is  the  factor  which  consumes 
the  energy  of  the  wave.  It  is  especially  the  ohmic  resistance. 
The  velocity  of  the  wave,  of  course,  as  we  all  know,  depends 
on  the  period  of  the  wave.  It  is  not  the  same  for  all  periods. 
The  wave  is  faster,  the  shorter  its  time  of  vibration ;  and  the 
longer  the  time  of  vibration,  the  slower  and  the  longer  it  is,  and 
so  on. 

Now,  Prof.  Houston  and  Prof.  Kennelly  seem  to  be  alarmed 
by  the  fact  that  certain  people  have  made  the  very  unscientific 
remark  that  transmission  of  energy  can  be  effected  more  econom- 
ically and  better  by  a  resonant  line  than  by  a  line  which  is  not 
resonant.  That  sounds  to  me  like  wanting  to  eat  a  cake  and 
have  it.  The  very  fact  that  you  have  resonance  means  that  you 
are  accumulating  something,  that  you  are  putting  power  upon 
a  line  without  utilizing  it.  If  you  utilize  it,  of  course  then  there 
is  no  cumulative  effect,  and  there  is  no  resonance.  Mr.  Kennelly 
has  expressed  that  very  well  by  saying  that  the  resonance 
effects  depend  very  much  on  the  elastic  reflection  of  the 
terminus  of  the  line.  Now  in  a  great  many  cases  we  really  do 
not  care  to  transmit  power  in  the  ordinary  sense  of  the  word — 
that  is,  a  large  amount  of  power,  over  a  long  line.  In  these 
cases  resonance,  whether  in  this  shape  or  in  any  other  shape, 
offers  considerable  prospects.  For  instance,  if  we  wish  to  trans- 
mit power  to  a  certain  point — a  small  amount  of  power — and  we 
do  not  care  what  the  efficiency  of  the  transmission  is,  for  in- 
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stance,  in  telegraphy  or  telephony,  we  really  do  not  care  how 
much  we  put  in — within  certain  limits,  of  course — provided  we 
can  get  enough  at  the  receiving  end.  This  is  a  pomt  worthy  of" 
our  consideration,  and  I  was  rather  disappointed  when  I  saw  that 
Professors  Houston  and  Kennelly  did  not  discuss  this  problem 
more  fully  than  they  did.  But  still,  along  the  Unes  indicated 
by  them,  I  think  the  subject  could  be  very  easily  continued. 

I  think  Professors  Houston  and  Kennelly  deserve  great  credit 
for  the  extremely  careful  way  in  which  tney  have  worked  out 
the  figure  of  Plate  I,  and  I  am  glad  to  hear  that  anyone  who 
wishes  to  have  this  plate  can  have  it  in  enlarged  form,  because 
it  really  simplifies  numerical  calculations  very  much. 

Mr.  President,  I  take  the  pleasure  of  introducing  to  the  In- 
stitute one  of  our  fellow  members.  Dr.  Webster  of  Clark 
University,  who  takes  great  interest  in  the  Institute.  I  have 
no  doubt  that  the  members  of  the  Institute  would  be  pleased 
to  hear  what  Dr.  Webster  has  to  say  on  the  subject  of  this  even- 
ing, especially  since  he  is  interested  in  a  line  of  work  which  is 
within  the  region  of  our  present  discussion. 

The  President  : — I  am  sure  we  should  all  be  pleased  to  hear 
from  Dr.  Webster. 

Dr.  Arthur  G.  Webster: — Mr.  President  and  gentlemen  of 
the  Institute,  I  hardly  expected  to  be  called  upon,  to  address 
you  on  this  my  first  appearance  in  this  honorable  body,  in  which, 
as  my  friend  Dr,  Pupm  says,  I  take  great  interest,  although  I 
live  somewhat  out  of  the  radius  of  New  York. 

I  am  extremely  interested  in  this  subject.  I  have  thought 
about  it  for  a  good  many  years,  and  I  have  listened  with  great 
admiration  to  the  reading  of  the  paper,  whidi  I  was  fortunate 
enough  to  be  able  to  look  over  before  coming  here.  Some  of 
my  preconceived  ideas  have  received  a  considerable  shock  in  the 
course  of  that  reading.  Not  being  an  engineer  myself,  and  not 
knowing  engineers  as  well  as  I  wish  I  did,  I  had  supposed  that 
an  en^neer  was  an  extremely  busy  man  and  that  he  was  mostly 
occupied  in  doing  practical  things  which  brought  him  in  a  cer- 
tain amount  of  very  pleasant  returns  which  are  not  open  to 
people  in  my  own  position.  But  I  came  to  the  conclusion  that 
there  are  engineers  who  delight  in  doing  other  things,  who  are 
willing  to  do  work  in  arithmetic,  which  I  may  say  for  myself 
I  find  a  terrible  grind.  If  I  have  been  fortunate  enough  to  get 
certain  experimental  results  and  put  them  down  in  my  notebook, 
when  it  comes  to  working  the  calculations  over,  I  should  prefer 
to  send  them  several  hundred  miles  rather  than  do  it  myself. 
But  I  have  come  to  the  conclusion  that  business  is  probably  a 
little  slack  in  Philadelphia,  I  have  always  had  the  impression 
that  there  were  more  nours  in  the  day  in  Philadelphia  than  in 
New  York.  But  1  see  that  there  must  be  a  good  many  more 
hours  in  the  day,  and  a  good  many  more  days  in  the  week,  and 
if  I  might  take  the  liberty  I  should  be  glad  to  ask  Mr.  Ken-^ 
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nelly  privately  how  long  it  took  him  to  draw  that  diagram.  I 
was  extremely  interested  in  that  part.  I  may  say,  in  the  first 
place  that  not  having  brought  a  dictionary  with  me  I  was  a  little 
at  a  loss  for  some  of  these  terms  ending  in  "  ance,"  and  if  Mr. 
Kennelly's  forbearance  is  as  great  as  his  admittance  I  will  pro- 
ceed to  make  a  few  remarks  which  I  hope  may  be  pertinent  to 
the  question.  As  I  have  said,  it  is  extremely  pleasant  to  find 
somebody  who  is  willing  to  work  out  results  wnich  we  may  have 
had  in  formulas  and  to  give  us  arithmetical  results,  with  curves 
and  pictures  which  it  is  pleasant  to  see  and  also  to  own.  I  am 
going  to  make  a  suggestion  to  Mr.  Kennelly,  which  will  entirely 
change  the  appearance  of  that  plate,  if  he  adopts  it,  although  I 
do  not  expect  he  wiD,  as  the  plate  is  engraved.  As  Dr.  Pupin 
has  said,  tnis  question  is  one  of  the  most  interesting  in  this  de- 
partment of  mathematical  physics,  and  has  been  so  ever  since  it 
was  taken  up  so  long  ago  by  Kirchhoflf.  All  the  results  arrived 
at  here  to-ni^ht  are  probably  in  that  paper.  But  it  is  very 
pleasant  to  thmk  that  when  some  ei^t  or  nine  years  ago  I  be- 
gan reading  the  works  of  Mr.  Oliver  Heaviside,  published  in  the 
London  Ecect/rician^  before  the  advent  of  the  omniscience  which 
now  rules  in  that  quarter,  I  found  that  Mr.  Heaviside  had  taken 
up  the  same  problem  and  had  come  to  the  same  results  all  by 
himself,  and  when  he  got  all  through  he  found  that  Prof. 
Kirchhoff  had  done  the  same  thing  twenty  years  before.  That 
illustrates  a  disease  peculiar  to  Englishmen,  and  others,  of  not 
reading  other  languages  than  their  own,  or  perhaps  not  knowing 
that  there  are  other  languages  than  their  own.  1  may  say  that 
whenever  I  want  to  know  anything  about  alternating  currents,  be- 
fore I  understand  it,  I  am  obliged  to  sit  down  with  my  pen  and  go 
over  the  whole  thing,  as  I  did  this  afternoon — not  understanding 
the  terminology,  I  worked  the  thing  out  myself  and  presently 
I  saw  what  was  meant  by  all  the  terms.  But  I  seldom  spend 
very  many  weeks  on  a  problem  until  I  have  looked  over  Mr. 
Oliver  Heaviside's  papers.  Generally  the  solution  is  there.  It 
is  so  in  this  case.  It  shows  the  advantage  of  being  forewarned^ 
Mr.  Oliver  Heaviside,  of  course,  claimed  some  time  ago  from 
purely  theoretical  grounds  when  nobod v  was  looking  at  him  ex- 
cept Sir  William  Thomson,  (I  was  lookmg  at  him  too,  but  I  will 
not  name  myself  in  this  connection — I  was  one  of  the  forty-nine 
who  sent  for  a  copy  of  his  papers  and  got  one),  that  the  self- 
induction  of  wires  was  a  very  important  factor  in  alternating^ 
current  work. 

I  will  now  leave  this  and  say  that  I  enjoyed  this  part,  and  am 
glad  that  it  has  been  done.  It  must  have  required  an  enormous 
amount  of  labor,  and,  after  all,  the  conclusion  seems  to  be  that 
\t  prdcticaUy  does  not  amount  to  much.  It  has  been  a  good  ex- 
ercise for  Mr.  Kennelly,  different  from  what  falls  to  the  lot  of 
engineers  in  general.  As  I  say,  Mr.  Heaviside  was  one  of  the 
first  to  maintain  from  purely  theoretical  grounds  that  the  indue- 
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tance  of  wires  was  very  important  for  telephony  and  other 
things.  It  had  been  claimed  by  the  dominant  school,  the  gov- 
ernnient  school,  in  England,  that  self-inductance  was  hurtful  and 
could  not  do  any  good.  Mr.  Heaviside  said  otherwise.  If  Mr. 
Heaviside's  controverters  had  had  their  way,  probably  there 
never  would  have  been  any  long-distance  telephone  lines  in  the 
world. 

Another  thing  that  struck  me  in  this  paper  was  the  power  of 
abbreviation.  As  I  »ay,  I  am  not  used  to  those  terms.  Some  of 
them  I  have  used  a  good  deal,  but  these  words  in  "  ance,"  and 
these  vectorial  methods  struck  me  a  little  strangely.  But  I  soon 
saw  what  they  meant.  However,  the  problem,  as  Dr.  Pupin  has 
said,  is  simply  the  problem  of  an  elastic  string  moving  in  a 
viscous  medium.  If  it  is  stretched  the  reauired  amount  and 
fastened  at  the  end,  it  vibrates  in  nodes  and  loops ;  but  if  there 
is  a  viscous  medium,  there  is  a  dampiner,  and  what  occurs  here 
in  the  wire  and  in  a  string  moving  in  a  viscous  liquid  is  that  the 
velocity  of  propagation  is  not  the  same  as  it  would  be  without 
viscosity.  Instead  of  having  perfect  interference  and  getting 
perfect  nodes,  which  do  not  appear  in  the  figure,  the  waves  go- 
ing and  returning  being  damped,  do  not  completely  neutralize 
each  other,  and  the  result  is  that  there  is  never  any  reduction  to 
zero. 

Now  to  come  to  my  criticism.  I  think  Mr.*Kennelly  has 
overlooked  one  point.  It  occurs  very  frequently  in  mathemat- 
ical physics  that  the  differential  equations  involved  are  very 
simply  solved — as  in  the  case  here,  an  exponential  or  trigono- 
metric function  will  solve  the  differential  equation.  But  the 
difficulty  occurs,  that  in  every  problem,  besides  naving  a  function 
to  satisf V  the  differential  equations  everywhere,  it  must,  satisfy 
certain  boundary  or  terminal  conditions.  Mr.  Kennelly  has 
considered  the  case  of  insulation  at  one  end  or  connection  with 
the  ground.  Those  are  very  simple.  What  you  want  to  know, 
I  suppose,  about  a  line  carrying  an  alternating  current  is  what 
will  liappen  when  there  is  a  motor  at  the  farther  end.  He  has 
snoken  of  some  lamps,  but  that  he  has  not  treated  separately. 
Now,  if  you  put  a  motor  on  there  which  holds  back,  there  is 
certainly  a  ditterence.  Imagine  the  case  of  the  string.  It  is 
obviously  a  very  different  matter  about  pitch,  wave-length  and 
all  that,  whether  you  have  the  string  fastened  rigidly  to  two 
pegs  at  the  ends,  or  whether  vou  have  it  fastened  to  a  weak 
spring  representing  capacity.  If  it  is  fastened  to  a  weak  spring, 
and  you  shake  it  at  the  other  end,  you  do  not  have  sharp  reflec- 
tions. On  the  other  hand,  if  you  have  it  connected  to  a  weight 
which  has  inertia,  there  is  another  change  in  the  motion — the 
reflection  is  different  still.  In  the  case  of  an  alternating  current 
motor,  there  is  certainly  self-induction.  Now  these  things  must 
produce  a  reaction  there  on  the  line,  and  cause  a  change  of  phase 
and  giving  out  of  power  and  all  that.  It  seems  to  me,  tnat  it 
must  oe  treated  quite  by  itself. 
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Finally  I  am  always  delighted  when  I  see  a  subject  of  pure 
mathematics  brought  into  the  field  of  applied  physics,  and  espe- 
cially by  an  engineer.  The  most  brilliant  case  I  recall  of  that 
kind  was  in  the  case  of  the  French  engineer  Saint  Venant,  who 
solved  most  beautiful  problems  in  elasticity  and  got  formute 
which  are  now  used  by  every  engineer,  I  suppose.  All  engineers 
before  had  used  an  empirical  method.  The  method  that  I  speak 
of  is  the  same  there  as  here — the  method  of  the  application  of 
the  principle  of  the  conformal  development  of  one  plane  upon 
another.  Perhaps  some  of  you  wonder  how  Mr.  Kennelly  got 
this  Plate  I.  I  did  too,  but  I  can  guess.  In  Maxwell  there  is 
a  chapter  on  the  theorjr  of  conjugate  functions.  The  point  is  to 
find  m  two  planes  pomts  corresponding  to  each  other,  so  that 
every  line  in  one  will  correspond  with  a  line  of  the  other,  and 
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Curves  y  =  const. 
Fig.  12. 
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4-iy'  =  log{x^  +  iy'). 


X 

x'  '\'it/'  =cosh(a?-+  iy), 
are  rectangular  co-ordinates  in  this  diagram. 


**  Kennelly's  diagram.  \ 
the  property  is  that  all  angles  made  by  corresponding  lines  are  pre- 
served m  the  two  planes.  Here  we  nave  the  case  of  the  x  and  y 
lines  in  one  plane  corresponding  to  the  ellipses  and  hyperbolas  in 
the  other  plane.  This  is  done  by  the  use  ot  the  analytic  function, 
cosh  (a?  +  **  y)  which  gives  this  development.  Mr.  Kennelly's 
result  has  been  that  you  have  to  measure — having  one  curve 
X  =  .2,  and  the  other,  y  =  .7  corresponding  on  this  diagram  to 
the  ellipse  a?  =  .2  and  the  hyperbola,  y  =  .7 ;  their  point  of  in- 
tersection corresponds  to  the  point  of  intersection  of  the  straight 
lines,  a?  =  .2  y  =  .7.  If  we  go  one  step  farther  and  transform 
this  plane  again  so  that  the  circles  in  this  plane  go  into  straight 
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lines  in  a  third  plane,  and  the  radii  which  cut  these  circles  at 
right  angles  go  into  straight  lines  cutting  the  straight  lines  just 
mentioned  in  the  third  &ure  at  right  angles,  we  shall  have  to 
see  what  these  ellipses  ana  curves  transform  into.  Mr.  Kennelly 
will  find  the  picture  in  Maxwell,  and  instead  of  having  to  draw 
an  infinite  plane  he  will  have  to  draw  onlv  a  strip  of  a  finite 
width,  2  TT,  which  will  represent  the  whole  thinjf.     See  Fig.  12. 

The  axis  of  abscissse  here  comes  into  a  lino  in  the  middle  of 
the  figure  and  goes  off  to  infinity ;  the  middle  of  the  figures  go 
oflF  into  infinity  and  the  ellipses  go  into  curves  like  this,  which 
come  around  that  line.  These  ellipses  pull  out  here  more  at  the 
left,  and  these  hyperbolas,  which  cut  these  ellipses  at  right  angles, 
go  into  lines  wnich  cut  these  lines  at  right  angles,  rfow  you 
will  not  have  to  draw  these  extra  sets  of  mdii  and  circles 
which  complicate  the  figure  and  cover  it  up  with  four  seta 
of  curves  instead  of  two.  All  you  have  to  do  is  to  put  this 
figure  on  coordinate  paper,  and  then  when  you  have  measured 
off,  instead  of  the  straight  line  or  ellipse  marked  x  =  .2,  you 
will  have  the  particular  one  of  these  curves  marked  with  that 
value,  and  instead  of  taking  a  hyperbola  you  will  take  this  other 
curve,  and  the  point  in  question  will  be  the  intersection  of  the 
two.  Instead  of  measuring  this  distance  from  any  particular 
point  and  measuring  an  ansrle  you  simply  measure  tnese  two 
rectangular  coordinates.  Mr.  Kennelly  has  got  the  work  all 
done  in  making  this  figure,  and  he  has  simply  to  transform  this 
figure  into  that  by  taking  points  which  lie  on  a  circle  here  and 
marking  them  off.  That  will  make  it  easier  for  the  members  of 
the  Institute  who  are  going  to  use  this  work  of  Mr.  Kennelly's 
in  their  practical  engineering  to  get  the  results,  and  they  will 
not  have  so  many  lines  on  the  figure.  There  will  be  nothing 
for  them  to  do,  and  it  will  be  a  little  further  application  of  the 
same  mathematical  principle  that  he  has  already  applied  and 
might  apply  here. 

Mr.  (Jharles  Cuttriss: — While  I  am  not  going  into  the 
mathematical  discussion  of  this  question,  I  would  Tike  to  say  that 
if  I  understand  the  remark  of  the  last  speaker  correctly,  he  said 
that  the  curves  described  by  the  waves  travelling  tlirough  a 
cable,  keep  up  a  uniform  period  but  merely  flatten  out  in  a  per- 
fectly uniform  manner  as  they  travel  through  the  cable. 

I  would  say  that  1  have  proved  by  experiments  that  this  is  not 
so.  The  cable  experimented  upon  was  over  840  knots  in  length, 
and  the  experiments  were  made  for  reasons  that  were  very  re- 
mote from  the  purpose  of  this  paper. 

You  will  hardly  call  the  period  or  rate  at  which  I  transmitted 
the  current,  alternating  current;  it  was   about   80  per  minute. 

The  potential  began  from  zero,  went  up  to  40  volts  and  came 
down  absolutely  in  the  same  manner  by  the  same  gradation  and 
time  in  which  they  went  up,  and  a  record  was  taken  at  the 
distant  end  of  the  cable  on  a  siphon  recorder.  The  wave,  in- 
stead of  going  up  in  a  perfect  curve,  such  as  you  would  imagine 
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and  coming  down  o<n  the  opposite  crest  in  the  same  curve,  went 
np  in  an  approximately  perfect  curve  to  the  apex  which  was  pro- 
lonffed.  Tne  curve  then  dropped  more  suddenly  to  its  zero,  and  in 
so  uoing,  described  almost  a  concave.  This  same  formation  is 
maintained  in  larger  or  smaller  curves  whether  the  speed  be 
about  80  periods  per  minute  or  360,  the  latter  speed  being  the 
maximum  at  whicn  I  could  transmit. 

I  do  not  know  whether  I  have  described  the  shape  of  the 
curve  clearly,  so  I  will  try  and  put  it  upon  the  blackboard. 

The  curve,  as  you  might  imagine,  rising  from  zero  to  40  volts 
would  be  a  perfect  curve  like  this  —  instead  of  which  its  shape 
is  more  like  that. 


Fio.  13. 

Now,  that  will  prove  that  it  is  hot  the  same  as  the  pulling  of 
a  string  and  getting  the  same  movement,  only  growing  flatter 
and  flatter  as  it  travels  along. 

I  have  tried  for  a  long  time,  for  purposes  which  I  cannot 
mention,  to  obtain  this  perfect  curve,  but  hitherto  have  not  been 
successful. 

Dr.  Webster: — If  I  may  be  pardoned  for  replying  to  the 
objection  of  Mr.  Cuttriss,  ne  has  quite  misunderstood  what  I 
said.  I  bv  no  means  stated  that  the  thing  would  be  the  same 
all  along  the  curve.  The  curve  that  he  has  given  there  is  exactly 
what  might  be  expected.  The  differential  equations  are  the 
same  as  :^r  a  wave  of  water.  You  have  seen  the  waves  running 
along  at  sea.  They  look  very  much  like  the  sinusoidal  wave 
(hat  we  have  so  much  in  physics.  But  when  they  come  in  shore 
on  the  beach  they  curl  over  just  like  Mr.  Cuttriss'  picture. 
There  is  a  figure  like  that.  I  cannot  say  exactly  where  it  is, 
but  I  would  Sb  willing  to  wager  that  there  is  something  on  that 
in  Mr.  Heaviside's  paper.  But  I  am  extremely  glad  he  has  ex- 
perimented on  it.  1  have  often  thought  that  if  I  had  only  some 
pull  on  a  cable  or  cable  oflBcial  to  make  a  few  experiments  I 
should  be  only  too  delighted.  I  want  to  ask  Mr.  Cuttriss  a 
question  I  never  have  been  able  to  ask  anybody,  because  I  never 
knew  anybody  who  was  in  a  position  to  answer  it,  that  is,  what 
is  the  self-induction  of  a  real  submarine  cable  per  mile  ?  If  he 
will  tell  me  that,  I  shall  go  home  pleased. 

Mr.  Cuttriss  : — That  is  something  that  has  never  been  worked 
out. 

Dr.  Webster: — I  have  been  engaged  in  experiments  for 
quite  a  while  on  electric  waves  and  such  things,  and  I  have  got 
tne  apparatus  for  determining  exactly  that  thing,  if  I  only  had 
the  cable.     I  never  expect  to  have  the  opportunity  of  doing  it. 
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If  it  could  be  done,  and  if  there  was  such  a  thing  as  a  cable 
which  was  out  of  business  for  a  few  hours  or  a  few  days,  we 
could  learn  a  lot,  and  1  am  sure  it  would  be  extremely  worth 
while.  If  there  is  anybody  here  that  wishes  to  present  a  few 
million  dollars  or  a  cable  to  Clark  University  or  any  other,  I 
should  be  very  glad  to  lend  my  apparatus  to  have  this  done,  and 
I  am  sure  it  would  be  worth  while. 

Mb.  Cuttriss: — I  beg  to  say  that  the  great  trouble  is  that  you 
cannot  be  at  both  ends  of  the  cable  at  the  same  time. 

Dr.  Webster: — I  do  not  want  to  be.  I  have  been  planning 
a  long  time,  in  fact  at  the  Congress  in  <?hicago,  two  years  ago,  I 
announced  my  paper.  I  had  done  enough  preliminary  ex- 
perimenting to  tnink  I  had  got  the  facts  I  wanted.  I  had  the 
wires  that  came  to  the  same  thing  as  a  cable,  and  I  thought  I 
had  the  results  about  these  waves,  but  they  were  so  extremely 
short,  something  like  two  or  three  millionths  of  a  second,  that  I 
afterwards  called  myself  down  and  withdrew  the  paper.  I  have 
not  yet  been  able  to  get  the  wires  up,  and  as  Mr.  Cuttriss  said, 
get  at  both  ends  at  the  same  time.  But  I  can  assure  him  it  ift 
not  necessary  to  do  that,  and  I  think  we  can  arrange  the  ex- 
periment at  one  end  so  that  we  can  get  all  that  we  want  to  know. 

Dr.  Pupin  : — Mr.  Cuttriss  remarked  that  in  this  case  we  have 
no  resemblance  between  the  pulling  of  the  string  and  the  actual 
propagation  of  the  wave.  Neither  should  we  have,  because  in 
the  case  of  a  submarine  cable,  the  self-induction  is  very  small, 
and  it  is  just  like  jerking  at  a  string  whose  weight  is  small  in  com- 

?irison  to  the  viscosity  of  the  medium  in  wnich  it  is  moving, 
herefore  in  this  case  again,  the  fundamental  equation  reduces 
itself  to  the  same  kind  which  describe  the  conduction  of  heat.- 
The  analogy  of  the  vibrating  string  ceases,  passing  into  the 
analogy  of  conduction  of  heat.  We  pass  from  one  physical 
phenomenon  to  another,  from  the  vibration  of  the  string  to  the 
conduction  of  heat.  So  far  as  the  experimental  work  is  con- 
cerned, Foucault  and  some  French  engineeis  have  experimented 
on  the  transmission  of  signals  through  air  lines,  and  they  found 
the  same  diflBculty  that  Mr.  Cuttriss  found  in  Atlantic  cables,, 
namely  that  the  shape  of  the  wave  as  it  is  put  into  the  line  at 
the  sending  end  does  not  resemble  very  much  the  shape  of  the 
wave  which  appears  at  the  receiving  end.  They  found,  unfor- 
tunately, that  although  they  put  in  at  the  sending  end  a  very 
sharp  signal,  at  the  receiving  end  that  signal  was  not  sharp,  but 
it  came  just  like  a  steep  wave  front,  and  tnen  it  dragged  out  into 
a  more  or  less  elongated  tail ;  so  that  they  really  comd  not  there- 
by determine  the  exact  time  at  which  the  wave  had  arrived  at 
the  end  of  the  line.  But  no  experimental  work  has  ever  been 
done  on  these  matters  in  the  laboratory.  Telegraph  lines  are 
always  busy,  and  it  is  very  difficult  to  perform  experiments  and 
be  at  both  ends  of  the  line.  But  experiments  of  that  kind  can 
be  performed.   We  can  make,  without  very  much  trouble,  artificial 
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cables  representing  long  air  lines  in  all  the  particulars ;  that  is  hav- 
ing so  and  so  much  resistance  per  mile,  selt-induction  per  mile  and 
capacity  per  mile,  if  we  simply  take  the  trouble;  and  I  think  it 
would  be  quite  worth  while  to  make  some  experiments  in  that 
direction,  especially  since  the  problem  is  very  important  and  no 
experiments  have  ever  been  made  in  that  line  of  work. 

The  President: — If  there  is  no  other  discussion,  as  the  hour 
is  late  and  there  is  another  paper,  I  will  call  on  Mr.  Kennelly 
to 'Close  the  discussion. 

Mb.  Kennelly  : — The  criticisms  which  have  been  raised  are 
speedily  dealt  with  in  this  case.-  First  of  all,  in  regard  to 
terminal  conditions,  the  head  and  front  of  the  offending  in  our 
paper  is  alleged  to  be  that,  while  we  deal  with  an  insulated  line, 
and  have  abo  dealt  with  a  grounded  line,  we  have  not  con- 
sidered the  countless  conditions  that  may  practically  arise  where 
a  line  is  neither  insulated  nor  grounded,  but  is  in  some  in- 
termediate condition.  If,  however,  you  will  examine  formulas 
3  and  4,  you  will  see  that  they  take  into  account  every  possible 
condition,  providing  of  course,  that  the  currents  and  electro- 
motive forces  are  sinusoidal.  We  have,  unfortunately,  to  make 
that  assumption,  which  is  not  justiiied  in  every  practical  case, 
as  we  know.  Look  at  equation  3,  for  example;  the  electro- 
motive force  is  composed  of  two  terms,  the  iirst  of  which  de- 
pends on  the  terminal  electromotive  force,  and  the  second  on 
the  terminal  current.  If  the  terminal  conditions  require  that 
the  lag  in  phase  of  the  received  current  is  a  given  number  of 
degrees,  insert  that  number  of  degrees  in  the  current  and  the 
results  obtained  will  be  applicable  to  all  points  on  the  line.  No 
lag  was  assumed  for  the  current  in  Plate  III,  because  there  was 
no  object  to  be  gained  by  the  selection  of  any  particular  phase 
difference  between  the  received  pressure  and  current.  But  of 
course,  it  is  evident  that  any  apparatus,  as  for  example  a  trans- 
former or  a  motor,  when  supplied  with,  say  a  thousand  volts  at 
the  receiving  end  of  the  line,  will  take  a  certain  number  of  am- 
peres at  a  delinite  laff  for  any  given  load,  and  one  is  supposed 
to  know  experimentally  what  the  lag  at  any  given  load  will  be. 
If  we  know  this  relation  for  all  conditions  of  load,  we  simply 
have  to  interpolate  in  equations  3  and  4,  in  order  to  determine 
the  pressure  and  current  at  any  point  on  the  line,  provided  it 
can  be  safely  assumed  that  the  current  is  sinusoidal.  Of  course, 
in  a  transformer  or  motor,  the  current  is  not  usually  sinuosoidal, 
and  of  course,  our  formulas  fail  just  to  that  degree.  But  we 
know  also  that  we  can  make  certain  aesumptions  in  regard  to 
the  deviation  from  the  sinusoidal  condition  of  even  waves  of 
current  that  have  been  distorted  by  hysteresis.  We  know  that 
when  a  current  is  distorted  by  hysteresis  in  a  transformer, 
we  can  separate  the  complex  wave  into  two  waves,  each  nearly 
sinusoidal,  and  this  analysis  will  very  closely  represent  the  actual 
condition  of  affairs.     I  need  only  refer  to  Mr.  Steinmetz'  work 
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in  this  direction,  as  presented  at  the  Philadelphia  meeting  last 
year,  to  show  that  that  is  the  case,  and  therefore  we  claim  that 
our  formulas  deal  with  every  possible  terminal  condition.  In 
the  paper  we  have  only  illustrated  a  few  terminal  conditions,  for 
the  sake  of  simplicity. 

We  do  not  claim  that  we  have  deduced  any  absolutely  new 
principles.  We  know  that  the  fundamental  principles  dealt 
with  in  our  paper  have  been  developed  long  ago;  but  what  we 
do  claim  is  tliat  we  have  presented  tliem  here  for  the  first  time 
in  a  simple  and  practical  engineering  fonu. 

Now  in  regard  to  Plate  I,  and  the  question  of  the  way  in 
which  it  should  be  most  conveniently  drawn,  we  cannot  agree 
with  the  suggestion  of  Dr.  Webster,  for  the  reason  that  what 
we  seek  is  not  the  rectangular  coordinates  of  a  hyperbolic  sine 
or  co-sine,  but  its  polar  coordinates.  In  order  to  draw  that 
diagram,  we  had  to  send  to  Europe  for  a  machine.  We  could 
not  find  anywhere  in  this  country  a  machine  which  would  draw . 
the  lines  accurately  enough. 

In  regard  to  the  question  that  Mr.  Cuttriss  has  mentioned,  of 
course  his  problem  is  entirely  different  from  that  which  we  here 
consider.  He  is  dealing  with  signals  representing  the  trace  of 
current  as  they  proceed  over  a  long  cable.  We  deal  with  the 
effective  electromotive  force  and  current,  and  not  with  the  trace 
of  any  single  wave.  Those  waves  we  show  are  simply  photo- 
graphs, so  to  speak,  at  any  moment,  of  the  effective  alternat- 
ing current  pressure  and  current  strength  at  all  points  along 
the  line,  and  at  all  moments  that  condition  will  be  maintaineo, 
although  everywhere  the  current  is  alternately  reversing  in 
direction.  We  do  not  of  course  show  what  the  trace  would  be 
of  alternating  current  waves,  as  recorded  for  example  by  the 
siphon  recorder. 

Wm.  Maver,  Jr: — {Communicated  after  Adjournment^  I 
desire  to  express  my  appreciation  of  the  valuable  paper  wnich 
Messrs.  Houston  and  Kennelly  have  brought  before  us.  It  is 
doubtless  true,  as  several  of  the  participants  in  the  discussion  on 
the  paper  stated,  that  to  many  it  will  require  considerable  study 
before  it  is  thoroughly  digested  and  assimilated  in  its  entirety, 
but  fortunately  the  paper  is  on  record  and,  therefore,  accessible 
for  study.  Furthermore,  there  are  numerous  points  brought  out 
in  plain  language  and  others  illustrated  by  numerical  examples, 
which  require  only  an  ordinary  understanding  to  grasp  them. 

Furthermore  in  my  opinion,  the  paper  is  not  only  valuable 
but  it  is  also  timely,  for  so  much  has  been  said  or  intimated  con- 
cerning the  direful  possibilities  of  the  effects  of  resonance  that 
«ome  of  us  had  almost  began  to  think,  despite  years  of  practical 
experience  with  alternating  current  circuits,  having  considerable 
capacity  and  inductance,  that  some  fine  day  resonance  would 
astonish  and  confound  us  by  upsetting  things  generally.  For 
example,  it  was  only  recently  that  I  was  informed  that  resonance 
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had  beeD  held  responsible  for  the  failure  of  the  insulation  of  an 
underground  alternating  current  circuit  in  a  neighboring  city, 
which  was  proven  by  the  fact  that,  upon  changing  the  route  of 
the  circuit,  the  cable  in  question  no  longer  broke  down. 

As  ray  experience  of  over  six  years  with  more  than  fifty  such 
alternating  circuits,  representing  a  total  length  of  about  300 
miles  of  underground  cable,  had  not  disclosed  any  similar  case,  I 
was  considerably  nonplussed.  It  is  therefore  reassuring  to  learn 
from  Messrs.  Houston  and  Kennelly's  calculations,  that  the 
maximum  increase  of  voltage  due  to  resonance  on  a  circuit  such 
as  the  one  I  refer  to  would  be,  under  the  most  favorable  con- 
ditions, about  one  volt. 

The  paper  further  shows  that  even  on  the  very  longest  aerial 
circuits  tne  devices  which  may  be  provided  to  protect  the  in- 
sulation from  the  effects  of  lightning  discharges  may  safely  bo 
left  to  deal  with  the  increased  voltage  due  to  resonance. 


The  President: — We  will  now  have  the  second  paper,  by 
Professor  Anthony,  on  Underwriters'  Rules. 

[The  following  paper  was  then  read  by  the  author.] 
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UNDERWRITERS'  RULES. 


BY   WILLIAM   A.    ANTHONY. 


A  recent  controversy,  in  relation  to  inside  wiring  for  incandes- 
cent lighting,  has  suggested  to  me  the  importance  of  bringing 
out  a  full  and  free  expression  upon  the  subject,  from  those  whose 
experience  gives  them  the  best  right  to  speak,  and  I  venture  to 
bring  the  matter  before  the  iNSTrruTK  in  the  hope  that  it  may 
provoke  such  an  expression  as  may  have  some  influence  in  deter- 
mining the  character  of  any  changes  in  the  rules  for  construction 
that  may  be  proposed,  or  in  fixing  the  interpretation  to  the  rulea 
now  in  force.  The  present  rules  are,  of  course,  the  result  of  a 
process  of  evolution,  and  I  think  every  one  will  admit  that  the 
process  has  been  one  of  progress.  In  early  days  of  electric  light- 
ing, the  desire  to  conceal  the  wires  led  to  fishing  them  in  between 
floor  and  ceiling  and  between  plastered  walls,  as  had  been  done 
with  electric  bell  and  burglar  alarm  wires.  Fires  occurred,  and 
were  ascribed  to  the  electric  wires,  sometimes  rightfully,  but  no 
doubt  sometimes  wrongfully. 

Insurance  companies  took  up  the  matter,  passed  rules  and 
appointed  inspectors.  Many  of  the  rules  were  good,  some  were 
only  an  annoyance  to  the  construction  companies.  DiflFerent 
boards  adopted  different  rules,  and  often  the  inspector  was  a  law 
unto  himself. 

Wishing  to  assist  in  securing  uniformity,  and  feeling  that 
electrical  engineers,  who  have  to  do  with  the  practical  work  of 
electrical  installation,  are  best  qualified  to  frame  rules  for  electri- 
cal construction,  the  National  Electric  Light  Association,  in  1890, 
appointed  a  committee  to  take  the  matter  in  hand,  and  upon  the 
report  of  this  committee,  in  1891,  adopted  a  series  of  rules,  which^ 
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with  some  amendments  adopted  at  later  meetings,  may  be  as- 
sumed to  represent  fairly  well  the  consensus  of  opinions  among 
the  electrical  fraternity,  as  to  what  constitutes  a  safe  electrical 
installation. 

Rules,  substantially  the  same  as  those,  have  been  adopted  by 
the  National  Board,  and  various  local  boards  of  fire  underwriters, 
and  are  the  recognized  rules  in  force  at  the  present  time. 

The  object  of  all  rules  is  ^rst,  to  secure  a  safe  and  permanent 
installation ;  second,  to  provide  for  the  repair  or  renewal  of  con- 
ductors in  case  of  failure.  It  may  be  said  that  from  the  stand- 
point of  the  insurance  companies,  the  first  is  the  only  object,  but 
surely,  conductors  so  installed  that  they  can  be  easily  overhauled 
and  replaced  in  case  leakage  is  discovered,  are  safer  for  the  very 
reason  that  a  fault  is  likely  to  be  repaired  before  any  serious  dam- 
age has  occurred. 

When  highly  insulated  wires,  whose  insulation  resistance  was 
measured  in  megohms  per  mile  after  immersion  in  w^ter  for 
weeks,  came  into  use  for  electric  lighting  plants,  it  was  natural 
to  suppose  that  they  could  be  put  anywhere,  and  would  last  indefi- 
nitely. They  were  put  in  all  sorts  of  inaccessible  places ;  on  the 
beams  before  floors  were  laid,  in  partitions  before  plastering,  on 
the  lath  with  iron  staples,  to  be  covered  with  mortar.  Some  such  cir- 
cuits are  no  doubt  in  existence  to-day,  as  perfect  in  insulation  as 
when  first  put  up ;  but  numberless  cases  of  failures  of  insulation 
occurred,  and  experience  shows  that  such  a  construction  is  entire- 
ly unreliable.  Then  came  the  interior  conduit,  which  it  was  as- 
sumed would  serve  both  as  a  mechanical  protection  and  an  insu- 
lator, but  it  was  found  not  to  be  entirely  reliable  in  either  capacity » 
It  was  not  impervious  to  moisture,  it  was  subject  to  damage  by 
nails,  saws  and  chisels.  It  was  found  necessary  to  prescribe  that 
wire  of  the  highest  insulation  should  be  used  in  it,  and  that  it  should 
not  be  drawn  in  until  all  danger  from  mechanical  injury  was 
passed.  Then  came  the  brass  armored  conduit ;  but  that  was  not 
nail  proof.  Now  we  have  the  iron  armored  conduit,  and  it  re- 
mains to  be  seen  whether  this  will  fulfil  all  requirements. 

It  has  come  to  be  pretty  well  recognized  that  no  mode  of  elec- 
trical construction  is  absolutely  proof  against  failure  at  some 
point,  and  that  form  of  construction  is  best  which  affords  the 
smallest  chance  for  injury  or  depreciation,  and  offers  the  greatest 
facilities  for  repair  or  renewal  in  case  of  failure. 

There  has  been  a  uniform  progress  in  the  direction  of  greater 
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safety  and  better  facilities  for  repair,  from  the  time  when  wires 
were  put  anywhere,  to  be  covered  by  floors,  or  mortar,  or  built 
into  brick  walls,  to  the  iron  armored  conduit  which  is  offered 
to-day.  To  be  sure,  the  cost  of  the  installation  has  advanced,  and 
the  iron  armored  conduit  presents  diflSculties  when  alternating 
-currents  are  employed.  To  me  it  seems  that  the  advantages 
gained  are  worth  the  cost,  and  the  diflSculty  with  alternating 
currents  disappears,  if  the  two  conductors  are  placed  in  one  con- 
duit. To  this  I  can  see  no  possible  objection  when  the  conduit 
is  iron  armored. 

In  view  of  the  fact  that  we  cannot  be  absolutely  certain  that 
failures  in  insulation  will  not  occur  in  any  given  installation,  it 
seems  to  me  that  the  foundation  principle  of  all  rules  for  the 
placing  of  conductors  should  be  accessibility.  Further,  no  con- 
ductor should  be  placed  where  its  position  or  its  relation  to  other 
conductors  in  any  part  of  its  length  is  unknown.  This  means 
that  raceways  must  be  provided,  into  which  conductors  may  be 
drawn  and  from  which  they  may  be  removed  at  pleasure,  such 
raceways  to  serve  as  adequate  protection  from  mechanical  in- 
jury ;  or  the  conductors  must  be  placed  in  mouldings  which  are 
themselves  accessible,  or  they  must  be  supported  by  cleats  or 
insulators  in  plain  sight. 

I  believe  that  past  experience  would  warrant  the  adoption  of 
a  rule  that  would  require  the  use,  for  concealed  work  in  build- 
ings of  fire-proof  construction,  where  conductors  must  be  carried 
up  steel  columns,  over  steel  floor  beams,  in  brick  partitions,  or 
in  plastered  walls,  of  a  raceway  or  conduit,  equal  in  its  ability  to 
afford  mechanical  protection  to  that  known  as  iron  armored  con- 
duit, so  installed  that  conductors  could  be  drawn  in  or  out  at 
any  time. 

And  now  a  word  as  to  the  controversy  that  suggested  this 
paper: 

A  conductor  has  been  put  upon  the  market,  which  consists  of  a 
standard  Habirshaw  wire  with  its  covering  of  rubber  and  braid, 
having  woven  upon  it  two  additional  coverings  of  extra  heavy 
braid.  This  additional  covering,  which  is  tightly  woven  on,  and 
irom  which  the  wire  can  no  more  be  removed  than  from  its 
original  covering  of  rubber  and  braid,  the  maker,  by  an  extra- 
ordinary stretch  of  language,  calls  a  tube,  and  claims  for  it  the 
advantages  of  the  conduit  tube  prescribed  in  the  insurance  rules. 
It  goes  without  saying  that  this  wire  affords  no  means  of  re- 
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placing  a  damaged  conductor,  and,  therefore,  has  not  that  ad- 
vantage of  the  conduit.  As  to  mechanical  protection,  it  certainly 
is  not  superior  to  the  unarraored  conduit,  and  it  has  not  the 
advantage  that  the  conductor  can  be  left  out  until  the  danger 
of  injury  is  passed.  As  to  insulation  against  moisture,  the  added 
coverings  do  not  improve  it,  the  insulation  being  entirely  due  to 
the  rubber  covering  which  is  inside  of  all  the  braids. 

And  yet  I  have  just  learned  that  the  New  York  Board  of  Fire 
Underwriters,  on  March  20th,  passed  the  following  resolution : 

Resolved,  *•  That  the  Superintendent  be  authorized,  until  further  notice,  to 
approve  the  use  of  the  Attix  tube  and  wire,  when  equal  in  quality  and  insula- 
tion to  the  samples  submitted  to  this  Board  and  tested,  under  the  same  condi- 
tions where  tubing  would  be  permitted  ;  providcjii  that  there  is  no  splicing  or 
tapping  of  the  wire,  but  that  its  introduction  shall  be  in  all  cases  by  the  loop 
system  ;  that  in  new  buildings,  when  necessary  to  carry  it  between  floors  and 
plastering,  it  shall  be  through  holes  bored  in  the  beams,  not  less  than  two 
inches  apart,  a  single  conductor  in  each  hole,  out  of  the  reach  of  nails  ;  and  in 
old  buildings,  where  necessary  to  carry  it  within  the  reach  of  nails,  it  shall  be 
protected  by  some  device  from  perforation  ;  and  provided  further  that  the  wire 
and  tube  be  carried  intact  into  the  cut-out  boxes,  and  that  in  no  case  shall  the 
outer  covering  be  removed  before  introducing  the  core  wire  into  the  cut-out 
box." 

It  will  be  noticed  that  the  wire  is  called  a  "  tube  and  wire," 
when  it  is  no  more  a  tube  and  wire  than  the  Habirshaw  which 
forms  its  basis.  The  tests  referred  to,  show  that,  after  immer- 
sion in  water  or  being  imbedded  in  plaster,  the  insulation  re- 
sistance was  20  megohms  per  mile.  But  the  Habirshaw  wire, 
without  the  Attix  covering,  would  have  shown  the  same.  What 
then  is  the  propriety  of  confining  the  operation  of  this  resolution 
to  the  Attix  wire  ?  Why  not  permit  the  use  of  any  good  highly 
insulated  wire  under  the  same  conditions  ? 

It  seems  to  me  that  this  resolution  is  one  of  those  reversions  to 
an  ancestral  type  which  we  find  in  all  evolutionary  development, 
which  is  off  the  general  line  of  progress,  and  which  is  destined 
soon  to  become  extinct. 
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Discussion. 

The  President: — Professor  Anthony's  paper  is  now  open  for 
discussion. 

Mr.  C.  O.  Mailloux: — This  paper,  with  its  unim posing  title 
and  modest  dimensions,  is  1  think  one  of  the  greatest  importance 
to  electrical  engineers.  I  do  not  wish  to  disparage  the  preced- 
ing paper,  and  it  ought  not  to  be  any  disparagemeiit  to  say  that 
the  paper  we  have  just  heard  is  at  least  of  equal  merit,  great  as 
is  the  value  of  the  preceding  paper;  because  although  the 
question  of  electric  wiring  is  one  which  seems  a  relatively  simple 
matter  in  these  days  of  sines  and  sinusoidal  functions,  yet  it  is 
one  which,  when  we  come  to  the  practical  and  commercial  side 
of  our  profession,  we  have  at  one  time  or  other  to  deal  with ; 
and  there  are  those  of  us  who  have  extensively  to  do  with  it. 
I  think  that  we  should  be  very  watchful  of  the  construction 
which  is  placed  upon  the  rules  formulated  by  the  different  in- 
surance companies.  They  may  be  working  for  the  purpose  of 
making  the  electrical  business  better,  but  tnat  is  with  them  only 
an  incidental  consideration ;  they  have  not  the  interest  in  so  doing 
that  we  should  have.  Their  interest  is  primarily  to  see  to  it 
that  the  installation  is  made  safe  from  fire.  We  have  a  further 
interest.  We  have  some  interest  in  seeing  that  the  installation 
is  perfect,  not  only  electrically  but  practically,  and  that  it  is  a 
credit  to  the  profession  which  it  represents.  I  am  very  sorry  to 
call  the  attention  of  this  body,  (or  at  least  some  of  the  members 
of  it  who  may  not  be  familiar  with  it),  to  the  fact,  though  many 
of  you  are  familiar  with  it,  theit  in  the  matter  of  insurance  rules 
electrical  construction  has  been  handled  with  a  spirit  of  incon- 
sistency and  partiality  and  with  a  want  of  that  broad  liberal 
treatment  that  characterizes  other  lines  of  fire  inspection.  This 
case,  of  the  Attix  wire,  is  perhaps  as  good  an  instance  as  any, 
and  it  ought  to  be  one  suflScient  in  importance  to  call  the  atten- 
tion of  electrical  engineers  to  the  necessity  of  our  acting,  either 
singly  or  jointly,  in  such  a  manner  and  with  sufficient  emphasis, 
as  to  let  our  voices  be  heard  and  prevent  the  continuance  of  such 
inconsistencies. 

As  the  paper  very  clearly  puts  it,  it  strikes  one  as  almost  ab- 
surd to  characterize  or  define  as  a  ttcbe  a  piece  of  wire  which 
has  a  solid  wrapping  of  some  material  supposedly  fireproof,  ap- 
plied to  it.  It  is  no  more  a  tube  than  would  be  any  other  wire 
on  which  might  be  put  a  covering  braid  or  some  other  material 
than  the  insulation.  I  do  not  see  why  a  simple  braid  or  a  simple 
tape  really  is  not  as  much  a  tube ;  yet  we  have  found  ourselves 
tied  hand  and  foot  in  many  cases  by  such  rulings  as  that,  on  the 

Sart  of  insurance  inspection  authorities.  I  might  mention  a 
ozen  cases  in  my  own  practice  which  are  equally  incongruous, 
equally  absurd,  and  whicn  have  caused  needless  delay,  needless 
expense,  trouble  and  annoyance.     I  think  it  is  time  that  the 
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Institute  as  a  body  should  protest  against  a  continuance  of  such 
rules  and  such  measures  on  the  part  of  insurance  companies. 
I  may  state  with  pleasure  that  I  nave  heard  several  represen- 
tatives of  distinguished  and  prominent  insurance  companies  ex- 
press themselves  in  no  uncertain  terms  in  regard  to  the  manner 
in  which  this  work  has  been  done  by  those  who  were  supposed 
to  represent  them  and  do  their  best  for  their  business.  I  have 
stated  to  some  of  them  that^  has  an  evil  influence  on  their 
business.  I  know  of  cases  where  the  insured  has  pi'eferred  to 
do  his  own  insuring  rather  than  submit  to  the  arbitrary  dictation 
of  the  insurance  inspectors.  Some  of  the  insurance  companies 
themselves  have  expressed  their  dissatisfaction  ;  and  they  feel,  in 
some  quarters  at  least,  that  there  ought  to  be  a  change  in  policy ; 
that  insurance  rules  ought  to  be  compatible  >i?ith,  and  favorable  to 
progress  in  electrical  installations,  rather  than  obstructing  it. 

Mb.  W1LLLA.M  J.  Hammer  : — I  am  heartilv  in  sympathy  with 
the  gentleman  who  presented  this  paper  and  the  gentleman  who 
has  just  spoken.  I  think  that  subjects  of  this  character  are  of 
the  utmost  importance  to  the  American  Institute  of  Electrical 
Engineers.  At  the  last  annual  meeting  I  had  the  honor  as  the 
Chairman  of  the  National  Electric  Light  Association's  Com- 
mittee on  Standard  Rules  for  Electrical  Construction  and  Opera- 
tion to  present  their  last  report  to  the  Institute  with  the 
request  that  a  committee  be  appointed  to  examine  and  endorse  it 
on  behalf  of  the  Institute  in  order  to  secure  fuller  cooperation 
and  a  better  enforcement  of  these  rules.  Two  gentlemen 
appointed  on  the  committee  of  the  iNSTrruTE  and  who  are  among 
the  most  honored  members  of  this  body,  made  the  statement  to 
me  at  the  time  that  they  thought  it  was  inadvisable  for  the 
Institute  to  take  up  a  matter  of  this  kind,  because  it  was  purely 
a  commercial  one,  and  the  Institute  was  a  scientific  bodv.  In 
this  connection  I  wish  to  say  that  I  heard  some  one  make  the 
remark  recently  that  many  members  in  the  Institute  thought  it 
was  hard  to  get  papers  before  this  bodv  which  were  within  five 
miles  of  the  eartn.  I  think  we  have  had  admirable  papers  of 
the  character  that  have  been  read  to-night  by  our  wortny  Presi- 
dent and  Mr.  Kennelly,  but  there  are  also  other  papers  which 
reach  a  very  large  percentage  of  the  members,  are  of  vital 
interest  to  the  professional  work  that  a  good  many  of  us  are  en- 
gaged in ;  and  I  am  particularly  interested  in  this  class  of  work, 
having  been  identified  for  a  number  of  years  with  the  work  of 
the  committee  of  the  National  Electric  Light  Association  which 
promulgated  the  rules  now  practically  used  all  over  this  country 
oy  the  insurance  people  generally,  and  I  might  add,  without  any 
credit  to  the  organization  that  brought  them  out.  I  think  severe 
criticism  can  justly  be  made  upon  the  underwriters  for  allowing 
their  inspectors  or  their  experts  to  bring  out  rules  of  this  char- 
acter ana  pass  them,  and  foist  them  upon  electrical  engineers  and 
the  public  at  large.     I  think  many  of  these  things  have  not  been 
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treated  in  as  conservative  a  manner  as  they  mi^ht  have  been. 
Last  year  a  very  earnest  effort  was  made  to  secure  tne  cooperation 
of  all  the  electrical  interests,  including  the  insurance  inspectors,, 
etc.,  with  a  view  to  having  one  single  set  of  rules  go  out,  having 
them  more  rigidly  enforced,  and  having  them  kept  up  to  date — 
those  efforts,  although  very  earnest,  were  not  brought  to  a  con- 
clusion. Since  that  time  the  committee  has  continued  its  efforts,, 
and  before  very  long,  the  committee  of  the  National  Electric 
Light  Association,  who  are  recognized  as  the  ones  who  have 
brought  this  subject  to  the  front  for  years  past,  will  extend  a 
formal  invitation  to  the  I'epresentatives  of  the  telephone  interests,, 
the  street  railway  interests,  the  Fire  Chiefs'  Association,  the 
American  Institute  of  Electbical  Engineers  and  perhaps  some 
other  association  or  two  which  will  be  interested  in  seeing  that 

S roper  rules  which  are  conservative  in  their  character  and  which 
o  not  benefit  any  particular  class  of  manufacturers  or  any  par- 
ticular industries  to  the  exclusion  of  others,  are  adopted ;  and  it 
is  hoped  that  before  this  year  is  out  some  uniform  action  will  be 
taken  by  these  organizations  which  will  look  to  just  the  step  that 
Prof.  Anthony  and  others  have  recommended,  and  which  is 
certainly  highly  advisable.  I  merely  refer  to  this  now,  because 
very  earnest  efforts  have  been  made  during  the  past  year  and 
they  are  being  pushed  very  actively  by  a  committee  of  the 
National  Electric  Light  Association  acting  in  conjunction  with 
some  of  these  other  gentlemen,  and  the  matter  will  be  brought 
before  the  Institute  as  well  as  these  other  bodies  within  a  short 
time  and  in  a  manner  which  I  trust  will  appeal  to  them  and  be 
treated  as  being  of  such  decided  importance  to  the  electrical  in- 
terests for  the  Institute  of  Electrical  Engineers  as  well  as 
other  bodies  to  cooperate  with  the  National  Electric  Light 
Association  in  its  important  work. 

Mr.  H.  Ward  Leonard: — This  subject  is  one  that  has  in- 
terested me  for  a  good  many  years  and  I  am  familiar  with  the 
difficulties  that  have  always  been  met  with  by  contractors  in 
dealing  with  the  rules  set  forth  by  the  underwriters  and  the  re- 
quirements that  they  lay  down.  Having  installed  a  good  many 
hundred  thousand  lamps  on  different  styles  of  wiring  m  the  past 
ten  or  twelve  years,  I  feel  that  the  use  of  anything  such  as  has. 
been  described  in  this  paper  as  the  Attix  "  tube  and  wire"  is  cer- 
tainly  a  distinct  reversion  to  the  conditions  that  applied  to  elec- 
tric light  wiring  in  about  1885  or  1886.  I  personally  installed 
work  at  that  time  which  was  done  with  practically  identical  ma- 
terials, and  which  I  think  were  as  good  as  the  Attix  tube  and 
wire  can  be  to-day,  and  it  seems  to  me  that  the  conduit  is  an> 
essential  condition  for  thoroughly  first-class  work  to-day,  and 
that  a  conduit  to  be  of  any  service  whatever  must  be  a  per- 
manent, reliable,  strong  tube  which  will  be  always  there,  en- 
abling you  to  pull  the  wire  out  and  in,  in  case  of  any  failure  of 
the  wire.     I  personally  am  very  strongly  a  believer  and  always 
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have  been,  at  least  for  a  great  many  years,  in  placing  the  op- 
posite poles  of  a  circuit,  whether  it  be  a  two-Mdre  circuit  or  a 
three-wire  circuit  all  inside  of  a  single  iron  pipe,  and  I  have  put 
in  some  thousands  of  lamps  in  this  city  in  which  both  poles  of 
the  circuit  are  inside  the  single  plain  iron  pipe,  with  quite  satis- 
factory results;  and  I  >vish  to  call  attention  to  a  point  which  may 
not  have  impressed  itself  on  all  the  members,  and  that  is,  that 
in  case  you  do  have  both  poles  of  the  circuit  inside  of  the  iron 
pipe  and  the  system  of  iron  pipe  be  grounded,  it  is  almost  in- 
conceivable that  any  condition  of  leakage  or  trouble  in  the  elec- 
tric circuit  should  occasion  a  fire.  In  other  words,  it  is  my  belief 
that  the  rules  of  the  underwriters  which,  they  have  so  strenu- 
ously urged  for  the  last  few  years,  that  when  conduits  are  used 
that  only  one  wire  be  placed  m  each  conduit,  is  merely  aggravat- 
ing the  possibilities  of  fires  which  could  be  eliminated  by  using 
first  class  insulated  wires  inside  of  a  single,  metallic  conduit. 
The  underwriters  apparently  have  been  convinced  of  this  point 
comparatively  recently  and  have  waived  that  requirement  where 
the  wires  are  placed  m  an  armored  conduit.  As  an  indication 
of  the  difficulty  of  securing  attention  on  the  part  of  the  under- 
writers to  those  whose  voices  ought  to  be  heard  in  practical 
matters  relating  to  electric  work,  I  will  say  that  there  exists  in 
this  city  an  association  of  nearly  all  of  the  representative  con- 
cerns of  electrical  contractors,  and  feeling  that  the  underwriters 
had  imposed  very  arduous  and  unreasonable  rules  and  in  fact 
conditions  which  made  it  more  expensive,  more  difficult  and 
more  dangerous  to  do  electric  wiring  work,  the  contractors  in 
question  appointed  a  committee  when  they  learned  that  the 
underwriters  were  likely  to  issue  a  new  set  of  rules  in  the  then 
immediate  future.  They  appointed  this  committee  to  wait  upon 
the  underwriters  for  the  purpose  of  aiding  them  in  drawing  the 
rules  and  in  arriving  at  rules  which  would  be  mutually  satis- 
factory, and  I  happened  to  be  chairman  of  that  committee  and 
so  can  speak  about  it  from  my  own  knowledge.  A  letter  was 
sent  to  the  underwriters  by  me  as  chairman  of  this  committee, 
expressing  a  desire  to  participate  in  their  discussions  in  regard 
to  this  matter,  or  at  least  to  be  given  an  audience  to  express  our 
views  in  regard  to  some  of  the  points  which  we  hoped  would 
not  be  inserted  in  the  new  rules  and  which  we  had  considered 
arduous  in  the  old  rules,  and  the  letter  was  acknowledged  with 
the  statement  that  in  case  they  cared  to  have  any  conference 
with  us  or  to  hear  any  expression  of  opinion  from  us,  they  would 
let  us  hear  from  them,  which  we  never  did.  I  am  heartily  in 
sympathy  with  the  general  tenor  and  purpose  of  this  paper  and 
believe  that  this  Institute  is  by  all  means  a  proper  body  to  ex- 
press its  opinion  in  regard  to  matters  having  so  practical  a  bear- 
ing on  the  work  of  electrical  engineers. 

Mb.  Franklin  S.  Holmes:—!  am  in  hearty  sympathy  with 
the  paper,  and  am  also  disposed  to  criticise  the  position  occupied 
by  the  Board  of  Fire  Underwriters. 
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I  understand  the  Board  to  be  an  or^nization  of  business  men 
formed  to  protect  its  business  interests  by  issuing  and  enforcing 
such  rules  as  will  reduce  lire  risk.  Its  field  is  commercial,  not 
technical,  and  when  it  deals  with  technical  matters  it  is  liable  to 
act  foolishly.  As  an  instance  in  point,  compare  the  three  tables, 
showing  the  safe  cari-ying  capacities  of  copper  wire,  which  have 
been  published  by  it  within  two  or  three  years.  We  find  that  the 
carrying  capacity  of  a  given  wire  varies  nearly  a  hundred  per  cent 
in  these  different  tables.  See  also  the  unreasonableness  of  the 
Board's  rulings  in  the  matter  of  pipe  conduits.  It  prescribes 
that  iron  pipe  carrpng  duplex  conductors  must  be  lined.  And 
yet  if  we  ground  or  short-circuit  a  service,  carried  in  a  plain 
iron  pipe  and  protected  by  a  25-ampere  fuse,  by  no  possi- 
bility can  we  heat  the  pipe  dangerously  hot,  at  any  point  in 
its  length.  The  lining  of  a  pipe,  for  small  conductors  at 
least,  does  not  affect  the  tire  risk  one  way  or  the  other, 
and,  therefore,  the  Board  should  make  no  such  sweeping  rules 
on  the  matter.  Similarly,  in  this  question  concernmg  Attix 
wire,  its  ruling  is  partial.  Any  continuous  duct  into  which  wires 
are,  or  may  be  drawn  after  a  building  is  completed,  whether  it 
be  paper  tube,  brass  covered  conduit,  canvas  jacket,  or  iron  con- 
duit, are  each  and  all  better  than  plain  wire  protected  however 
thickly  by  a  pervious  insulation.  The  insulation  of  the  Attix 
wire  18  pervious,  and  in  no  sense  can  such  protection  be  con- 
sidered as  the  equivalent  of  a  duct,  however  fragile  or  strong. 
I  repeat,  I  think  the  Board  of  Fire  Underwriters  has  limited 
•duty  to  perform  and  should  confine  its  action  to  impartial  rules 
in  matters  involving  fire  risk  only.  It  should  leave  devices  and 
methods  which  pertain  to  excellence  of  construction  to  others 
whose  business  it  is. 

I  am  very  glad  to  hear  that  there  is  a  movement  on  foot  which 
will  effect  a  conference  of  all  parties  interested  in  raising  the 
standard  of  electric  light  installations.  I  hope  the  result  will  be 
first,  a  more  rational  set  of  general  rules,  and  second,  a  strict  de- 
finition of  the  functions  of  the  Board  of  Fire  Underwriters  with 
reference  thereto. 

Mr.  James  Hamblet: — It  came  to  my  notice  a  short  time  ago 
that  certain  buildings  in  the  city  of  Brooklyn  were  wired  tot 
electric  lights  and  inspected  by  the  inspectors  of  the  Board  of 
Fire  Underwriters  and  approved.  The  lights  were  used  for  a 
time,  and  then  a  certain  time  after  that  inspection,  they  were 
again  inspected  and  condemned,  and  the  owners  were  compelled 
to  re-\vire  their  buildings  or  improve  them  according  to  the  new 
rules  adopted  by  the  same  Board  of  Fire  Underwriters.  I  also 
know  a  similar  instance  in  Brooklyn  where  a  contractor  made 
an  estimate  for  the  work  and  the  inspectors  were  watching  him, 
and  the  inspector  told  him  that  by  the  new  rules  a  certam  new 
kind  of  tube  was  to  be  used  and  he  must  put  m  that  kind  of 
tube.     That  destroyed  his  profits  on  that  little  job. 
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Mr.  W.  J.  Jenks  : — I  feel  a  creat  deal  of  interest  in  this  paper 
which  Prof.  Anthony  has  read,  not  alone  because  I  am  thor- 
oughly in  svinpathy  with  the  views  which  he  expresses,  but  also 
because  I  tnink  the  discussion  of  the  general  subject  of  the  re- 
lations between  the  electrical  engineering  profession  and  the  fire 
insurance  underwriters  may,  if  now  taken  up  by  the  Institute, 
become  \Qry  profitable.  I  have  had  some  little  experience  in 
representing  the  incandescent  electric  lighting  industry  in  dis- 
■cussions  with  the  insurance  people  during  the  past  twelve  years. 
In  188i^,  representatives  of  the  underwriters  came  to  study  the 
arrangement  and  operation  of  the  first  three-wire  underground 
system  in  the  world,  at  Brockton,  Mass.,  of  which  I  then  had 
eharge.  In  1884  the  first  schedule  of  insurance  rules  adapted 
to  the  necessities  of  incandescent  electric  light  construction  of 
<5entral  station  systems  and  isolated  plants,  was  issued  by  the 
New  England  Insurance  Exchange,  as  the  result  of  a  careful 
study  01  actual  conditions  by  Capt.  William  Brophy,  who  was 
then  their  inspector,  and  Mr.  S.  E.  Barton,  who  was  then  chair- 
man of  their  electric  light  committee.  In  formulating  these 
rules  the  New  England  people  followed  the  example  which  had 
been  set  for  them  in  1881  by  Mr.  W.  H.  Anderson  and  his  asso- 
ciates in  New  York,  in  their  issue  of  the  first  rules  adapted  to 
series  systems  of  arc  lighting,  in  that  they  sought  information 
of  those  wlio  engaged  in  the  practical  work  of  installing  electric 
lamps,  and  encouraged  suggestions  from  such  people  as  to  re- 
visions which  the  rules  might  require.  This  policy  of  mutual 
<}onsultation  and  cooperation  was  explicitly  adopted  bv  Mr. 
Edward  Atkinson  in  1882  when  he  was  president  of  the  Boston 
Manufacturers'  Mutual  Fire  Insurance  Company.  Cooperative 
efforts  of  this  sort  have  been  the  rule  during  all  the  subsequent 
history  of  the  art,  and  in  proportion  to  the  cordiality  of  the  re- 
lations between  the  insurance  companies  and  the  electric  light- 
ing and  power  people,  has  been  the  correctness  of  the  form  into 
which  insurance  opinions  have  been  moulded.  There  are  a  great 
many  examples  in  the  rules,  of  the  truth  of  this  statement,  and 
while  I  fully  appreciate  the  differences  which  now  exist  as  set 
forth  in  Prof.  Anthony's  paper,  I  think  the  instances  thus  af- 
forded and  the  remarks  which  have  been  made  to-night,  should 
be  considered  as  local  rather  than  as  general  in  their  application. 
The  cordiality  which  has,  as  a  rule,  existed  for  many  years,  was 
well  illustrated  when  in  August,  1890  at  Cape  May,  two  or  three 
days  in  advance  of  the  meeting  of  the  National  Electric  Light 
Association,  a  committee  from  that  Association  met  representa- 
tives from  some  of  the  individual  electric  light  companies  and  a 
number  of  executive  men  representing  the  underwriters'  boards 
of  different  parts  of  the  country,  and  chose  a  sub-committee  to 
collate  all  the  available  information  as  to  requirements  of  the 
underwriters  throughout  the  United  States  and  formulate  a  re- 
vised code.  I  happened  to  be  one  of  the  members  of  that  sub- 
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committee,  and  the  results  of  our  work  appeared  in  the  arrange- 
ment of  what  is  now  the  National  Code,  first  adopted  by  the 
Western  Union  Fire  Underwriters'  Association,  tnen  by  the 
National  Electric  Light  Association,  and  finally  (with  some 
modifications)  pretty  generally  by  the  different  boards  of  under- 
writers throughout  the  United  States.  I  believe  this  code  did 
not  appeal  to  the  necessities  of  the  New  York  Board  of  Fire 
Underwriters,  or  perhaps  it  might  be  more  correct  to  say  that  it 
is  the  record  of  the  growth  of  the  business,  that  the  New  York 
Board  has  desired  to  have  rules  which  were  unique,  differing 
essentially  from  those  which  other  people  were  satisfied  with. 
There  ai'e  several  evidences  of  the  correctness  of  such  a  theory 
in  the  rulings  which  have  from  time  to  time  vexed  the  souls 
of  electrical  engineers  who  have  been  unfortunate  enough  to 
find  themselves  under  the  surveillance  of  some  of  the  inspectors 
in  the  Metropolitan  district.  Other  members  of  the  iNSxrnjTE 
can,  and  I  have  no  doubt  will,  give  detailed  testimony  upon  these 
points.  But  I  believe  it  will  be  found  that  looking  the  country 
over,  the  insurance  people  are  disposed  to  maintain  a  feeling  of 
hearty  accord  with  all  electrical  engineers  who  are  worthy  of  the 
name,  and  in  addition  to  this,  to  boil  down  their  rules  so  that 
they  will  come  to  be  short  schedules  of  methods  which  are  danger- 
ous and  therefore  are  prohibited,  rather  than  manuals  of  instruc- 
tion for  the  guidance  of  constructors  who  know  a  great  deal  more 
about  the  business  than  the  underwriters  ever  expect  to  learn.  I 
remember  that  as  early  as  1887  Mr.  Barton,  to  wnom  I  have  lust 
referred,  who  was  at  that  time  more  intelligently  informea  in 
these  matters  than  almost  any  other  active  insurance  man  in  the 
country,  by  reason  of  his  close  contact  with  electrical  central 
station  men,  said  in  an  official  report. 

"  Were  we  again  to  begin  at  the  beginning,  with  our  present 
"  knowledge,  we  think  we  would  be  inclined,  in  justice  to  all 
"  concerned,  to  issue  rules  setting  forth  those  practices  that  we 
"  would  not  permit,  rather  than  stating  in  such  complete  detail 
"  what  should  be  done." 

My  own  feeling  has  been  for  several  years  that  the  under- 
writers would  ultimately  come  to  the  point  of  issuing  a  list  of 
commandments  as  to  what  the  electrical  constructors  should  avoid, 
leaving  us  to  elaborate  a  set  of  rules  such  as  have  been  spoken  of 
to-night,  to  teach  young  engineers  in  detail  what  they  should  do 
in  order  to  secure  the  best  practical  results,  and  I  think  that  list 
of  commandments  should  begin,  as  do  the  most  of  those  delivered 
to  Moses  in  the  olden  times. — "  Thou  shalt  not." 

Mr.  Maillotjx: — I  do  not  think  that  this  subject  can  be  dis- 

r)sed  of  in  the  time  that  remains  for  this  discussion,  and  for  one 
feel  that  I  would  like  to  have  an  opportunity  to  collect  my 
ideas.  I  am  under  the  weather  this  evening,  with  a  cold,  and 
can  scarcely  formulate  my  ideas  as  I  would  like  to.  There  are 
one  or  two  facts  in  connection  with  the  matter  which  I  think 
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it  might  be  well  to  bring  to  the  attention  of  the  meeting  and 
which  may  serve  to  stimulate  discussion.  In  the  first  place  I 
would  like  to  call  attention  to  the  fact  that  the  insurance  com- 
panies themselves  are  not  entirely  satisfied  with  the  way  the 
matter  has  been  arranged,  and  at  present  out  of  some  forty  or 
fifty  insurance  companies  represented  in  New  York  City,  tnere 
are  nearly  one-half  who  have  formed  a  little  insurance  inspec- 
tion association  of  their  own :  they  are  no  longer  satisfied  with 
the  inspection  made  by  the  official  underwriters,  but  have  an  in- 
spector of  their  own.  I  am  very  sorry  that  their  inspector  is 
not  here  this  evening,  as  he  is  a  member  of  the  Institute  and 
could  give  us  some  very  interesting  information.  I  trust  that 
be  may  liave  an  opportunity  at  another  meeting  to  give  us  his 
experience  which  is,  I  assure  you,  quite  interesting. 

Gentlemen,  I  feel  quite  strongly  in  this  matter,  because  I 
have  had  a  great  deal  of  experience  with  the  insurance  inspec- 
tors, not  only  in  this  but  in  various  distiicts,  and  as  Mr.  Jenks 
has  very  well  observed,  I  found  a  noticeable  difference,  of  which 
I  will  give  you  one  instance.  The  iron  conduit  tube  was  adop- 
ted by  the  New  England  Insurance  Exchan^  in  June  last.  I 
had  occasion  to  communicate  with  them  with  reference  to  a 
large  installation  at  Newport  which  was  in  their  district.  I  had 
found  that  their  rules  would  not  allow  me  to  use  an  iron  con- 
duit, although  there  were  certain  electrical  and  other  objections 
to  any  other  forms  of  conduit  which  might  be  allowed  under  the 
rules.  I  stated  the  case,  urging  the  electrical  objections  and  the 
mechanical  ones  as  well,  and  received  a  reply  the  next  day  stat- 
ing that  the  objections  were  well  taken,  that  they  had  been  sub- 
mitted shortly  before  by  others,  and  that  it  had  been  decided 
to  allow  the  iron  conduit  tube  to  be  used  with  twin  conductors 
for  such  cases.  Some  four  or  five  months  afterwards,  I  had 
occasion,  in  connection  with  several  installations  contemplated 
in  New  York  City,  to  go  over  the  same  matter.  A  question 
came  up  almost  similarly.  I  went  in  person  to  consult  with 
the  officials  of  the  inspection  department  in  New  York  and  was 
informed  by  them  that  they  had  as  jet  taken  no  action  in  regard 
to  the  iron  conduit  tube;  expressing  at  the  same  time  grave 
doubts  as  to  the  propriety  of  their  taking  any  action  whatever. 
It  seemed  to  them  to  be  something  that  was  of  very  doubtful, 
if  any,  utility,  if  not  absolutely  bad.  However,  in  the  same 
breath  almost,  I  learned  that  the  Attix  tube,  so  called,  was  then 
allowed.  This  was  several  months  before  any  official  promulga- 
tion of  this  "  Attix  rule  "  was  made,  as  this  conference  took  place 
some  time  in  October  or  November.  You  can  scarcely  imagine 
the  feeling  with  which  I  heard  this  announcement.  I  could 
scarcely  believe  that  we  were  in  a  metropolis  and  in  a  progressive 
age  when  I  heard  that  we  were  going  to  be  relegated  by  official 
direction  back  to  methods  which  I,  for  one,  should  not  sanction. 
I  will  state,  that  as  a  member  of  the  examining  board  of  this 
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Institute,  I  would  not  want  to  acknowledffe  or  accept  as  a  mem- 
ber, a  man  who  was  capable  of  admitting  Attix  wire  as  the  rule 
prescribes.  I  would  consider  that  he  was  doing  something  de- 
rogatory to  the  profession.  Although  we  are  stul  far  away  from 
the  ideal  and  the  perfect,  we  who  have  had  practical  experience 
with  the  different  ways  of  interior  wiring,  consider  the  iron  con- 
duit tube  such  a  great  step  in  advance  that  we  hailed  it  with  a 
certain  degree  of  delight,  but  we  were  literally  told  that  we  must 
not  touch  that.  Now  I  submit  that  when  we  reach  such  a  point, 
that  the  progress  of  our  profession  is  retarded  bv  arbitrary 
methods  such  as  these,  it  is  time  for  us  to  act.  I  will  give  you 
another  case  which  is  quite  interesting.  I  have  now  in  hand  a 
case  where  the  insurance  inspectors  inspected  a  large  dry  gooda 
establishment  in  Brooklyn.  I  was  callea  in  by  the  proprietors  of 
the  establishment  after  they  had  made  efforts  during  several 
months  to  adjust  the  matter  with  the  insurance  companies — I 
was  called  in  by  them  to  see  what  could  be  done  in  the  matter. 
It  took  me  three  months  to  bring  about  a  conference  between 
the  various  insurance  inspectors  interested  in  it.  There  were 
some  twenty  odd  companies  who  carried  partial  risks  on  the  es- 
tablishment, it  being  a  very  large  one.  1  discovered  very  quick- 
ly that  some  of  these  inspectors  wanted  certain  things  done  and 
other  inspectors  wanted  that  very  thing  not  done,  and  so  on,  for 
a  long  list  of  requirements  ;  yet  they  were  all  working  from  the 
same  rules.  Some  of  them  told  me  that  I  must  not  allow  any 
moulding  to  be  capped.  Others  said  that  that  was  very  wrong;. 
— the  rules  required  it  to  be  capped  ;  tnd  so  on  through  a  lon^ 
list  of  inconsistencies.  1  began  in  June.  In  October  I  succeeded 
in  bringing  about  a  conference  between  the  different  insurance 
companies  at  which  I  appeared  as  representative  of  my  clients. 
I  took  delight  in  calling  the  attention  of  the  seven  or  eight  in- 
spectors present  to  the  fact  that  they  were  extremely  inconsistent 
and  arbitrary.  I  put  it  in  those  words  and  stated  my  reasons 
clearly,  and  this  particular  case  furnished  me  ample  reasons.  I 
think  it  had  a  salutary  effect;  a  certain  agreement  was  drawn 
which  stated  what  these  inspectors  would  all  agree  to  agree  or 
disagree  about.  1  had  made  so  many  efforts  to  satisfy  them  all 
that  I  had  given  up  hope  of  doing  so,  and  I  thought  all  other 
efforts  useless  until  I  had  their  signatures  as  evidence  to  what 
they  would  or  would  not  allow.  It  was  no  longer  a  question  of 
rules.  It  was  a  question  of  what  their  individual  preferences 
or  whims  might  dictate.  Now,  gentlemen,  I  think  that  the  elec- 
trical profession  needs  some  attention,  when  it  is  placed  in  such 
a  position  as  that.  I  think  that  not  only  looking  at  it  from  a 
scientific  standpoint,  but  also  from  the  standpoint  of  dollars  and 
cents,  it  will  pay  us  to  go  to  the  bottom  of  this  thing.  I  believe 
that  with  the  proper  amount  of  suasion  we  ought  to  be  able  to 
place  ourselves  in  a  position  where  instead  of  oeing  dictated  to 
we  may  ourselves  dictate  to  some  extent  what  is  proper.     I  do 
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not  think  there  is  a  more  competent  body  in  the  United  States 
to  formulate  mles  and  restrictions,  to  prescribe  what  is  a  proper 
thing  to  do  in  connection  with  electric  Mdring,  or  what  is  proper 
and  desirable  from  the  engineering  standpomt.  I  submit  tnat 
men  who  are  business  men  merely,  thougn  they  may  have  ex- 
perience, are  not  so  well  fitted  as  those  who  have  had  the  train- 
mg  and  the  experience  of  years,  to  do  this.  I  think  that  with  all 
the  scientific  men  and  all  the  practical  men  that  this  Institute 
contains,  it  is  more  competent  than  any  other  body  to  dispose  of 
this  question.  I  am  in  a  position  to  assure  this  body  that  it  has 
sympathy  from  the  outside,  that  it  has  sympathy  from  the  very 
ranks  of  the  insurance  companies,  which  is  saying  a  great  deal ; 
because  I  have  already  called  to  your  attention  the  fact  that  they 
have  dissenters,  men  who  are  dissatisfied  with  the  way  their 
business  is  transacted,  and  they  are  only  waiting  for  a  word  of 
sympathy  or  encouragement,  or  some  little  energy  on  our  part 
and  on  the  part  of  allthe  other  associations  interested  in  the  elec- 
trical industries  in  order  to  give  us  a  helping  hand  and  bring 
about  the  desired  change. 

Mr.  James  I.  Ayeb  : — It  is  very  gratifying  to  me,  having 
worked  with  the  Electric  Light  Association  in  relation  to  these 
rules  for  some  years,  to  see  the  interest  taken  by  the  Institute  in 
this  matter.  1  think  that  if  any  additional  arguments  were 
needed  I  can  cite  a  case  which  perhaps  touches  the  engineer  a 
little  more  directly  and  forcibly  than  some  of  the  points  made 
to-night ;  that  is  tne  tendency  of  the  inspection  department  of 
the  Board  of  Fire  Underwriters  to  usurp  the  prerogatives  of  the 
electrical  engineer ;  in  other  words  to  issue  certificates  to  con- 
tractors which  pass  as  current  coin,  as  evidence  that  they  have  got 
what  they  paid  for — a  first-class  electrical  installation.  There  is 
not  an  engineer  here  engaged  in  practical  work  who  has  not  run 
against  it,  who  has  not  seen  passed  what  should  not  have  been 
passed,  and  the  investors,  the  men  who  are  paying  for  the  instal- 
lations, would  have  been  very  glad  to  pay  the  engineer's  fees  if 
they  did  not  feel  that  they  were  getting  something  for  nothing 
from  the  Board  of  Underwriters.  A  case  of  that  kind  came  up 
only  a  few  months  ago  where  a  very  large  installation  was  being 
made.  The  specifications  were  made  partly  by  the  manufactur- 
ing company  and  by  the  architect  who  had  a  little  assistance  in 
getting  them  out.  But  after  the  contract  was  awarded,  while 
there  were  unusual  electrical  problems  involved  in  the  construc- 
tion work,  the  parties  paying  for  the  installation  declined  the 
services  of  an  engineer  because  they  thought  they  did  not  need 
one.  They  had  a  competent  contractor  and  realized  that  it  was 
all  right.  Later  on,  when  the  installation  was  about  to  be  com- 
pleted, some  comments  were  made  by  engineers  who  observed 
the  work  and  said  it  was  bad  and  all  that.  The  question  was 
raised  in  the  Board  of  Directors — it  was  a  very  large  corpo- 
ration— as  to  whether  it  was  all  right  or  not.     Some  thought  it 
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was ;  they  advocated  the  acceptance  of  the  contract  as  tendered 
by  the  contractor,  but  the  point  was  raised  that  there  was  a  lack 
of  thorough  workmanship.  Immediately,  the  contractor  brought 
in  the  argument  that  the  insurance  certificate  that  he  possessed 
was  an  evidence  of  what  they  had  got;  that  they  had  everything 
that  they  could  demand  or  desire  under  the  contract.  The  work 
was  accepted.  A  month  later  they  paid  a  considerable  fee  to  an 
engineer  to  tell  them  what  the  matter  was — why  they  could  not 
successfully  operate  the  plant.  It  took  about  $20,000  to  correct 
the  evil,  and  they  paid  an  engineer  to  tell  them  of  how  little  value 
an  insurance  inspector's  certificate  is.  It  is  not  often  they  come 
out  that  way — tnat  the  engineer  profits  in  the  end  by  it.  But  it 
is  a  fact  that  the  fire  underwriters  are  stepping  into  the  shoes  of 
the  electrical  engineer ;  they  are  interfering  with  his  profession, 
his  businesss,  and  I  know,  as  Mr.  Hammer  has  well  said  here, 
some  of  the  members  are  anxious  to  have  papers  read  here  that 
would  "  get  within  five  miles  of  the  earth  occasionally."  We 
all  know  that  this  question  of  insurance  rules  was  regarded  by 
many  as  something  beneath  the  dignity  of  the  Institute.  It  has 
been  so  expressed ;  it  has  been  so  treated.  But  I  think  that  as 
the  thing  has  taken  shape,  it  is  clear  to  all  the  members  that  it  is 
essential  that  this  Institute  take  some  definite  action. 

Mr.  W.  J.  Jenks  : — I  want  to  suggest  that  we  have  with  us 
to-night  a  gentleman  who,  though  not  a  member  of  the  Institute, 
is  well-known  to  almost  all  of  us,  at  least  by  his  reputation,  as 
one  of  the  most  experienced  insurance  men  in  the  United 
States,  in  those  relations  with  the  electrical  people  which  we  are 
now  discussing.  I  refer  to  Mr.  C.  J.  H.  Wooabury  of  Boston, 
for  many  years  Vice-President  of  the  Boston  iN^nufacturers' 
Mutual  Fire  Insurance  Company,  and  now  connected  with  the 
American  Bell  Telephone  Company.  Mr.  Woodbury  now  stands 
in  a  position  where  he  can  without  prejudice  give  us  accurate 
information  in  regard  to  the  actual  feeling  of  me  underwriters 
toward  the  electrical  bu&iness,  and  the  steps  that  are  now  being 
taken  toward  the  end  which  has  been  considered  in  this  discus- 
sion so  desirable  of  attainment. 

The  President: — We  should  be  pleased  to  hear  from  Mr. 
Woodbury.  I  trust  Mr.  Woodbury  and  the  members  of  the  In- 
sTrruTE  will  excuse  the  President  who  has  to  go  to  Philadelphia 
to-night  and  must  leave  now  in  order  to  catch  his  train.  I  will 
ask  Vice-President  Hamblet  to  take  the  chair. 

The  President  then  withdrew  and  Mr.  Hamblet  took  the  chair. 

Mr.  C.  J.  H.  Woodbury  : — I  came  here  this  evening  as  a 
guest  and  to  listen,  not  expecting  to  take  any  part  in  debate.  My 
former  position  for  a  number  of  years  was  in  technical  relation 
to  underwriters  of  manufacturing  property,  and  I  had  occasion 
to  have  an  intimate  knowled^  of  the  policy  of  the  insurance 
companies  in  regard  to  electric  light  and  power  installation,  and 
as  that  is  now  with  me  something  of  the  past,  I  can  perhaps  look 
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at  the  subject  from  a  disinterested  standpoint.  There  were  a 
great  many  electric  lighting  rules,  so  called,  made  by  local  bodies 
of  underwriters,  at  times  conflicting  bodies.  In  1893,  shortly 
after  the  last  issuance  of  the  rules  of  the  National  Electric  Light 
Association,  there  was  formed  in  Chicago  what  was  known  as 
the  Underwriters  International  Electric  Association,  the  name  of 
which  has  since  been  modified  by  the  change  of  International  to 
National.  Suffice  it  to  say  that  they  adopted  a  set  of  rules  which 
were  in  most  respects  along  the  lines  of  those  of  the  National 
Electric  light  Association.  There  were,  however,  some  points 
of  difference,  and  these  rules  have  had  several  amendments  which 
have  been  prepared  and  promulgated  from  time  to  time.  Two 
months  ago  I  had  occasion  to  make  definite  inquiries  throughout 
this  country  in  regard  to  these  electric  lighting  rules.  I  found 
that  while  the  rules  of  the  Underwriters  National  Electric 
Association  are  at  the  present  time  very  generallv  adopted,  yet 
there  is  a  great  difference  in  their  promulgation  andf  enforcement, 
and  that  is  a  difficulty  which  seemed  to  be  an  inevitable  one  in 
the  early  stages  of  the  work,  but  will  grow  less  and  less  pro- 
nounced as  time  goes  on,  because  the  insurance  companies  will 
have  a  better  trained  set  of  men.  At  the  meeting. of  the  National 
Electric  Light  Association  I  had  some  unofficial  assurances  which 
I  was  able  to  present  to  the  committee,  and  they  made  a  report 
which  has  been  received  with  a  great  deal  of  favor  in  insurance 
circles.  At  the  present  time  the  affairs  of  the  National 
Electric  Underwriter's  Association  on  the  subject  of  these  rules 
are  in  exceedingly  good  and  competent  hands.  The  chairman 
of  the  Electrical  Committee  is  a  member  of  this  Institute,  an 
electrician  of  accomplishments  and  standing,  and  one  who  in 
addition  to  his  technical  education  has  had  a  very  extended  prac- 
tical experience  in  electric  lighting  and  in  telephony  and  tele- 
graphy. All  of  these  parties  perceived  the  necessity  of  certain 
amendments  and  also  the  necessity  of  a  unification  of  the  whole 
set  of  rules,  because  this  question  of  the  function  of  these  rules 
is  not  one  which  can  be  sub-divided  and  separated  one  part  from 
another  by  any  line  of  demarcation.  It  begins  with  the  design 
and  extends  to  the  construction,  the  installation  and  the  main- 
tenance of  all  electrical  apparatus  of  whatsoever  kind  or  nature, 
whether  it  produces  quantities  of  energy  which  can  be  con- 
verted into  heat  sufficient  to  cause  a  fire,  or  whether  it  pertains 
to  the  inherently  harmless  instruments,  from  battery  circuits, 
but  which  may  be,  and  are  in  certain  conditions,  a  possible  source 
of  danger  by  reason  of  their  exposure!  to  the  heavier  currents 
used  in  lighting  and  in  power.  These  questions  are  fully  re- 
cognized and  can  be  treated  in  only  one  way,  and  that  is  by  a 
conference  representing  all  of  the  various  tributary  interests. 
I  am  sure  that  the  underwriters  are  alive  to  it  and  that  they  aim 
towards  that  end,  because  I  judge  from  their  representations  to 
me  to  the  extent  to  which  I  represent  one  of  these  interests  of 
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electricity  in  this  matter.  I  am  looking  forward  to  a  conference 
which  will  occur  in  the  immediate  future  representing,  I  do  not 
care  under  what  head,  all  of  these  various  electrical  interests  and 
which  will  result  in  the  unification  of  the  electric  lighting  rules, 
and  it  is  through  that  means  and  through  that  means  alone,  that 
such  a  result  can  be  obtained.  It  should  be  conceded  tliat  it 
will  take  time  for  the  training  and  development  and  selection 
of  persons  competent  to  enforce  these  rules  adequately  and  justly. 

The  Chaibmak: — The  importance  of  this  subject  seems  to 
demand  that  it  be  referred  to  a  committee.  We  have  a  letter 
here  received  from  one  of  our  members  who  is  ill.  The  Secre- 
tary will  please  read  it. 

The  Secretary  : — This  letter  is  from  Mr.  Fremont  Wilson,  a 
gentleman  who  I  think  has  been  referred  to  this  evening.  I  will 
read  an  extract  referring  to  the  subject : 

"If  Prof.  Anthony's  paper  is  discussed,  I  hope  it  will  be 
deemed  of  enough  importance  to  have  a  committee  of  five  ap- 

?)inted  and  a  resolution  passed,  and  a  letter  sent  to  the  New 
ork  Board  of  Fire  Underwriters,  requesting  the  privile^  of 
the  audience  of  our  committee  to  appear  be^re  the  New  York 
Board  in  relation  to  the  non-observance  of  standard  rules,  etc.,. 
and  to  prove  to  the  representatives  of  the  New  York  Board  the 
injury  they  are  doing  to  the  electric  light  and  power  interesta 
throughout  the  country,  by  the  peculiar  methods  that  have  been 
in  vogue  for  the  last  two  or  three  years. 

The  Chairman  : — What  action  will  the  Institute  take  upon 
this  letter  of  Mr.  Wilson  ? 

Mr.  Holmes  : — If  this  committee,  which  it  is  recommended  be 
appointed,  is  to  simply  consider  what  is  advisable  and  appear 
beiore  the  Board  of  Fire  Underwriters,  I  am  in  favor  of  its  a^ 
pointment.     But  I  am  not  altogether  clear,  as  the  resolution  is 

fhrased,  that  the  committee  will  not  be  formed  >vith  instructions, 
am  in  favor  of  such  a  committee. 

The  Chairman  : — It  is  proposed  to  refer  the  whole  subject 
to  this  committee  for  action  and  report  to  the  Institute. 

Mr.  Hammer  : — I  would  like  to  suggest  as  it  has  been  stated 
here  to-night,  that  the  matter  is  already  in  the  hands  of  the 
National  Electric  Light  Association  and  that  their  committee  will 
extend  an  invitation  to  the  Iiitstitute  of  Electrical  Engineers, 
as  well  as  representatives  of  the  other  interests,  and  that  the  mat- 
ter will  then  be  taken  up,  not  dealing  with  specific  cases  but 
with  the  whole  thing  in  a  broad  gauge  way.  While  we  may 
move  a  little  bit  more  'slowly  in  that  way,  I  think  perhaps  by 
joint  action  going  about  it  thoroughly,  we  will  accomplish  more 
than  by  having  tlie  Institute  refer  tne  matter  to  a  committee  in 
the  way  proposed. 

Mr.  Mailloux  : — I  agree  with  Mr.  Hammer  that  the  matter 
ought  to  receive  more  deliberation  before  we  act.  At  the  same 
time,  I  feel  that  there  ought  to  be  a  committee  repiesenting  the 
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Amebioak  Institute  of  Electrical  Engineeks  on  the  subject. 
I  also  feel  that  further  discussion  ought  to  be  had  on  the  subject, 
I  think  that  there  are  others,  who  would  be  present  at  another 
meeting  perhaps,  who  would  be  able  to  contribute  to  the  discus- 
sion. This  subject  is  too  important  and  it  is  of  too  much  inter- 
est not  only  for  the  welfare  of  the  society  but  for  the  individual 
welfare  of  its  members,  to  be  passed  over  lightly.  So  far  as  the 
appointment  of  a  committee  is  concerned  I  would  be  willing  to 
leave  that  to  the  Council.  I  think  the  Council  is  competent  to 
appoint  such  a  committee  and  to  give  it  proper  constitution,  but 
I  mink  the  whole  matter  might  be  well  laid  over  to  the  next 
meeting.     I  would  make  a  motion  to  that  effect.     (Seconded). 

The  Chaibman  : — If  it  be  your  minds  that  this  discussion  and 
the  appointment  of  the  committee  be  laid  over  till  the  next 
meeting  of  the  Institute,  please  manifest  it  by  saying  aye — 
contrary  no. 

(The  motion  was  carried  and  the  meeting  adjourned.) 


Discussion,  in  Chicago. 

A  meeting  of  the  Western  members  of  the  American  Institute 
of  Electrical  Engineers  was  held  in  the  Electricity  Lecture 
Boom  of  Armour  Institute,  on  Wednesday,  April  17, 1895.  The 
meeting  was  called  to  order  by  the  Local  Secretary,  Mr.  B.  J. 
Arnold,  with  about  sixty  members  and  visitors  present.  Mr.  A. 
S.  Hibbard  was  elected  Chairman  for  the  evening. 

The  paper,  on  "  Underwriters'  Rules,"  by  Professor  William  A. 
Anthony,  was  read  in  detail  by  Mr.  Arnold. 

Mr.  Clark  C.  Haskins  : — The  subject  matter  of  the  paper  of 
Professor  Anthony  is  one  of  very  proper  interest  to  all  who  are 
desirous  of  advancing  the  art  of  electrical  construction.  I  trust 
that  everv  member  of  this  association  feels  similarly  in  that  re- 
gard, an<f  is  ready  to  further  the  good  cause  in  every  reasonable 
manner. 

I  note  what  the  Professor  says  about  the  object  of  all  rules,  as 
he  states  it : — 

"  1st — To  secure  a  safe  and  permanent  installation. 

"  2nd — To  provide  for  the  repair  or  renewal  of  conductors  in 
case  of  failure." 

I  agree  perfectly  with  the  gentleman.  The  three  E's  of  elec- 
trical line  maintenance  are  removal,  repair  and  renewal,  and  the 
more  readily  these  functions  can  be  performed,  the  better  for  the 
plant,  the  constructor  and  the  owner.  Time  is  the  only  test  of 
electrical  appliances,  and  especially  is  this  true  of  insulation.  The 
conduit  system  is  comparatively  new.  The  electrical  fraternity 
has  carried  it  through  several  stages  or  meltings,  as  has  been  sug- 
gested in  the  paper  under  discussion.  In  its  first  embryotic  con- 
dition, it  was  assumed  to  be  a  perfect  insulator,  and  capable  of 
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thoroughly  protecting  a  couple  of  dry  cotton-covered  conductors 
— ordinary  magnet  wires.  It  didn't  do  it.  There  were  several 
serious  faults  found  in  it,  both  electrical  and  mechanical.  A 
second  molting,  and  it  still  failed  to  fill  the  requirements,  and 
again  there  was  a  change.  We  are  now  experimenting  with  the 
latest,  and  let  us  hope,  the  perfect  conduit. 

The  public  is  complaining  at  the  advanced  cost  of  proper  in- 
stallation. It  is  extremely  difficult  to  make  an  ordinary  consumer 
understand  the  hazard  "of  a  poorly  constructed  plant.  "He 
knows,"  he  says,  "  plenty  of  plants  that  have  been  running  right 
along  for  years,  not  built  any  better  than  "  the  cheap  one  he  is 
running,  or  the  cheap  one  he  wants  to. build,  "and  they  have 
never  ^It  the  need  of  better  construction."  I  have  occasionally 
•seen  such  an  individual  converted  in  an  hour  by  an  object  lesson, 
when  months  of  argument  would  have  been  lost  on  him. 
The  teaching  of  the  public  in  any  new  branch  of  practical 
education  is  diflicult  and  slow.  The  reason  for  this  is  that  it 
costs  money  if  one  listens  to  reason  and  adopts  the  best  systems 
and  methods — and  when  one  individual  is  convinced,  his  lasting 
wants  are  at  once  supplied ;  but  his  next  door  neighbor  has  to  be 
labored  with  equally  patiently,  and  long.  In  this  system  of  edu- 
cation the  class  consists  of  single  individuals — there  is  but  one 
scholar  in  the  school,  and  he  is  as  often  at  the  foot  as  at  the  head 
of  his  class.  Now,  between,  experimenting  for  inventors  and 
making  converts  of  purchasers,  the  constructors  and  engineers 
will  have  their  hands  and  heads  busily  employed  for  some  years 
to  come. 

My  idea  of  a  conduit  is  simply  a  something  in  which  electrical 
conductors  can  be  run  for : 

1st — Mechanical  protection  against  injury. 

2nd — Ease  of  removal  and  replacement  for  any  cause  or  pur- 
pose. 

But,  in  considering  the  insulation  of  a  wire  to  be  placed  in  a 
conduit,  the  insulation  of  the  latter  must  not  be  considered,  while 
at  the  same  time  if  the  latter  is  lined  with  a  good  insulating  ma- 
terial, the  conduit  is  that  much  better,  and  the  installation  that 
xnuch  improved. 

I  think  the  case  before  us  a  plain  one.  If  a  solid  covering 
tightly  woven  outside  a  conductor  will  permit  of  the  removal  oi 
that  conductor,  and  its  replacement  by  another,  then  the  cover- 
ing becomes  a  conduit.  Whether  a  wire  which  already  shows  20 
megohms  insulation  resistance  is  any  the  less  a  good  wire  for  be- 
ing mechanically  covered  by  extra  braiding  is  scarcely  a  debatable 
question ;  but  it  does  look  unreasonable  for  any  Board  of  Under- 
writers to  accept  one  such  wire  for  any  purpose,  and  deny  the 
same  endorsement  for  similarly  constructed  conductors  which 
will  bear  up  under  the  same  tests. 

I  think  the  day  will  come  sooner  or  later  when  this  whole 
matter  will  be  solved  by  either  conduits  everywhere  through 


Digiti 


ized  by  Google 


1895.]  DISCUSSION  IN  CHICAGO.  18^ 

bnildingB,  or  raceways  constructed  in  the  walls  and  ceilings,  or 
even  better,  open  work  everywhere.  I  look  upon  the  last  as  the 
acme  of^ood  construction,  it  it  can  be  reasonably  accomplished. 

The  Chairman  : — It  will  be  of  great  interest  to  hear  discus- 
sions on  the  various  points  which  the  paper  brings  out,  and  we 
should  like  to  hear  from  as  many  on  the  subject  as  possible.  We 
are  fortunate  in  having  with  us  to-night  a  representative  of  our 
own  Underwriters'  Board,  whose  work  is  directly  in  this  line,, 
and  I  would  ask  Mr.  Merrill  to  enlighten  us  on  this  paper  from 
his  point  of  view. 

Mr.  W,  H.  Merrill,  Jr.: — I  thank  you,  Mr.  Chairman,  for 
extending  to  me  the  privilege  of  speaking  at  this  meeting. 

I  regret  that  the  paper  by  Prof.  Anthony  does  not  bring  out 
the  useful  criticisms  and  suggestions  which  I  had  hoped  from  ita 
title  that  it  might  contain.  I  had  expected  to  speak  on  behalf  of 
the  underwriters  in  answer  to  criticisms  which  miffht  be  made  of 
the  National  Code  of  Rules,  which  we  have  worked  on  from  year 
to  year  for  such  a  length  of  time,  and  which  is  now  almost  uni- 
formly adopted  by  underwriters'  organizations  and  municipal 
departments  throughout  the  country.  Instead,  I  find  the  paper 
starts  with  a  brief  sketch  of  the  history  of  rule-making  which  I 
cannot  agree  is  correct  in  the  share  of  this  work  it  attributes  to 
the  insurance  interests,  and  devotes  the  remainder  of  its  dis- 
cussion to  a  certain  resolution  adopted  by  the  electrical  committee 
of  one  local  board  of  fire  underwriters.  Discussion  of  either  of 
these  points  will  be  of  little  benefit  to  either  the  electrical  or  the 
insurance  interests  of  the  country  as  a  whole.  Much  good  would 
result  from  an  intelligent  discussion  of  the  National  Code  as  pro- 
mulcted  by  the  National  Board.  If  there  is  any  organization 
outside  of  their  own  employees  that  the  insurance  interests  should 
look  to  for  technical  information  which  would  lead  to  the  pro- 
mulgation of  more  specific,  comprehensive  and  equitable  rules, 
that  or^mization  is  certainly  the  Amerioan  Institute  of  Elec- 
trical Engineers. 

I  do  not  think  I  am  exceeding  my  authority,  in  stating  on  be- 
half of  the  electrical  committee  of  the  Underwriters'  National 
Electric  Association^  that  that  body  would  welcome  any  sugges- 
tions or  criticisms,  members  of  your  Institute  can  give  us  either 
collectively  or  individually. 

Fair  and  disinterested  intelligent  discussion  of  the  many  tech- 
nical points  to  be  considered  in  framing  any  set  of  rules  is  the 
only  way  to  arrive  at  the  best  results,  i  on  have  men  among 
you,  splendidly  trained  specialists,  who  are  undoubtedly  more 
competent  to  aeal  with  many  of  the  problems  presented  than  are 
our  inspectors.  No  one  man  can  master  the  wide  field  covered 
b^  the  science.  Yet  the  insurance  inspector  is  sometimes  criti- 
cised for  not  having  performed  this  feat. 

Underwriters,  as  a  body,  are  too  closely  cognizant  of  the  part 
electricity  is  playing  in  their  loss  reports,  not  to  welcome  any  aid 
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that  can  be  given  them  by  the  men  who  are  responsible  for  the 
service  electricity  has  rendered,  and  perhaps  for  some  of  the 
pranks  it  has  played.  Whenever  any  man  among  you  judges  it 
would  be  for  his  or  your  interests  to  help  us  in  our  endeavor  to 
properly  regulate  practice  within  safe  channels,  I  promise  you 
that  the  national  body  will  not  refuse  to  cooperate  with  him  as 
far  as  lies  in  its  power  through  the  promulgation  of  sensible 
amendments  and  extensions  to,  as  well  as  interpretations  of  the 
National  Code  of  Eules. 

The  Chairman  : — I  am  sure  we  are  very  much  obliged  to  Mr. 
Merrill  for  his  very  interesting  talk,  coming  from  a  point  on 
which  we  are  not  generally  posted.  There  is  another  view  of 
which  we  have  heard  nothing  as  yet,  which  is  very  important, 
and  that  is  the  view  of  the  wireman.  It  would  be  well  for  us  in 
bringing  all  the  light  possible  to  bear  on  this  paper,  if  we  could 
hear  something  from  one  who  is  in  the  wiring  business.  We 
have  with  us  this  evening  Mr.  Arthur  Frantzen,  who  is  actively 
engaged  in  the  wiring  business,  and  I  know  that  he  can  give  us 
something  that  will  be  interesting  as  well  as  instructive  to  us. 

Mb.  aIthctr  Fbantzen: — My  discussion  on  the  Underwriters' 
Rules  will  bear  more  on  a  contractor's  view  of  the  rules  rather 
than  a  technical  one.  Mr.  Merrill,  I  believe,  has  cited  very 
clearly  what  good  construction  embodies ;  yet  there  are  many 
things  contractors  must  contend  with,  that  underwriters  seem  to 
overlook :  one  being  that  all  the  most  of  our  customers  care  for 
is  the  result  at  the  cneapest  figure  possible,  and  the  unscrupulous 
contractor  gets  the  job  every  time,  installing  his  work  according 
to  his  interpretation  of  the  rules,  which  differ  according  to  the 
standard  of  education  of  the  reader.  Should  his  conscience  be 
too  elastic,  the  next  thing  is  to  conceal  the  defective  work,  or 
subsidize  the  inspector  (were  such  a  thing  possible),  in  order  to 
have  the  work  passed.  It  is  not  the  rules  that  prevent  poor 
construction,  but  rather  the  practical  supervision  and  enforcement 
of  the  rules  by  the  inspectors.  A  case  in  view,  that  I  know  of, 
will  show  what  I  mean  by  practical,  and  showing  the  necessity 
of  having  inspectors  experienced  wiremen. 

A  contractor  installed  open  wiring  for  a  motor  on  knobs,  and 
as  the  proprietor  was  in  a  hurry  for  power,  the  contractor  con- 
nected his  meter  loops  together  temporarily  and  left  joints  un- 
soldered or  taped  until  tne  meter  was  installed.  In  the  mean 
time,  during  the  contractor's  absence,  the  inspector  calls  and  ex- 
amines the  work,  when^  Lo,  behold !  he  finds  a  most  flagrant 
violation  of  the  rules,  and  proceeds  to  cut  off  the  two  joints  for 
exhibit  "A"  and  "B,"  and  the  poor  contractor  became  10 
inches  short  on  his  meter  loops.  Now,  had  the  inspector  been  a 
practical  or  experienced  wireman,  he  could  readily  have  under- 
stood the  case  without  anv  explanation. 

In  conduit  work  we  have  various  experiences,  and  find  that 
the  only  case  when  it  is  used  as  a  complete  system  of  raceways  is 
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in  large  office  bnildings  or  line  residences.  The  general  public 
as  a  rule  will  not  pay  for  so  expensive  an  installation  if  they  can 
possibly  avoid  it.  As  regards  the  various  conduits  in  the  market, 
I  find  that  where  the  lights  are  all  in  a  small  district ;  circular 
loom  or  canvasite  makes  the  be«4t  work  on  account  of  its  flexibility, 
but  for  office  building  work,  with  long  runs,  brass  armored  con- 
duit is  preferable ;  but  the  conduit  to  install  is  the  single  tube 
system  of  iron  armored  conduit.  It  is  the  only  conduit  you  can 
install,  and  go  on  a  vacation  and  return  to  find  everything  per- 
fectly intact.  The  only  drawback  is  its  cost,  and  yet  the  single 
tube  iron  armored  system  is  practically  as  cheap  as  the  double 
conduit  system  of  brass  armored. 

Nevertneless,  conduit  at  its  best  has  many  drawbacks,  such  as 
breakage,  inflexibility  and  liability  to  injury,  which  requires  con- 
stant watching.  The  class  of  construction  that  gives  the  best 
satisfaction  at  all  times,  if  done  well,  is  open  knob  or  cleat  wiring. 
Here  you  have  something  neat  to  inspect,  if  well  done.  It  is 
always*  accessible,  and  therefore  chan^  are  easily  made.  Of 
course,  this  would  never  apply  to  resiaences  or  office  buildings ; 
but  in  such  cases  a  combination  of  special  ornamental  picture 
moulding  and  direct  and  short  runs  of  conduit  from  same  to  outlets 
makes  without  a  doubt  the  cheapest  and  most  satisfactory  wiring 
installation. 

Trusting  I  have  not  wearied  you  with  a  rather  irrelevant  dis- 
cussion 01  rules  which  prove  too  much  for  us,  if  interpreted  dif- 
ferently from  our  worthy  inspectors,  1  will  close  witn  the  hope 
that  our  cause  may  be  appreciated  more  fully  by  underwriters 
and  the  public  in  the  near  future. 

Mb.  L.  Gutmann  : — I  am  not  a  wireman.  However,  in  regard 
to  installation  work,  would  say,  that  I  divide  up  partly  with  rroi. 
Anthony  and  partly  with  Mr.  Haskins.  I  do  not  think  that  it  is 
a  good  practice  to  have  a  wire  tightly  located  in  tubes.  On  the 
contrary  there  should  be  plenty  of  air  space  between  the  con- 
ductor and  the  tubes,  which  by  preference  should  be  iron  gas 
Jdpes.  The  conductors  should  lie  centrally  and  be  held  away 
rom  the  armor  tubes  by  non-combustible  insulators. 

We  cannot  make  iron  rules  and  predict  a  given  style  of  in- 
stallation work  to  be  the  best.  While  conduit  wiring  in  many 
cases  is  the  more  substantial,  the  open  wiring  will  have  its  advo- 
cates in  many  places ;  the  main  reason  being  that  with  the  same 
security  of  insulation  we  have  cheapness  and  accessibility. 

For  a  general  plan  of  wiring  I  would  use  one  or  two  inch  pipes 
for  all  conductors  to  be  placed  in  a  vertical  position  and  going 
from  floor  to  floor,  while  all  horizontally  placed  conductors,  in- 
cluding fuse  blocks,  etc.,  may  be  placed  in  brick  channels  with 
removable  fronts,  which  channels  may  be  easily  concealed  if 
placed  in  the  cove  of  the  cornices,  or  else  form  part  of  the 
cornice  of  a  room  or  hall.  I  do  not  think  it  worth  while  to  dwell 
on  the  point,  that  a  braid  should  be  an  insulated  tube,  as  we  all 
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know  that  this  is  a  fallacy  on  the  surface  of  it ;  besides  a  braid 
cannot  be  a  substitute  for  afi  armor,  nor  does  it  provide  for  the 
air  space  considered  desirable  between  shell  and  conductor. 

The  Chairman  : — The  paper  itself  is,  of  course,  an  immediate 
reference  to  what  has  been  called  an  Attix  wire  or  tube.  If  there 
is  anyone  here  who  has  had  experience  with  Attix  wire  and  who 
can  speak  in  its  behalf,  we  should  be  pleased  to  hear  from  him. 

A  late  ruling  has  passed  on  this  form  of  wire  against  others^ 
which  might  be  readily  made.  It  is  interesting  at  this  time,  when 
we  have  presented  to  us  this  paper  on  underwriters'  rules,  to  bring 
out  the  fact  that  the  representatives  of  the  Underwriters'  Board 
and  the  various  lines  of  business  are  coming  closer  together  in 
their  views.  I  realize  it  very  much  in  my  business,  and  I  have 
no  doubt  that  you  gentlemen,  who  are  putting  in  electric  light 
wires,  also  find  it  so.  We  are  finding  that  the  representatives 
of  the  underwriters  are  going  at  the  questions  involved  in  better 
fashion,  and  I  am  sure  that  we  shall  soon  find  a  better  ground 
plan  on  which  to  meet  underwriters. 

In  our  telephone  installations  we  are  using  greater  care  than 
ever  before,  and  the  work  is  in  many  ways  ^tting  to  be  more 
satisfactory.  The  use  of  trolley  and  power  wires  has  brought  up 
a  condition  of  things  in  which  overhead  wires  are  often  made  to 
carry  extraordinary  currents.  This  has  only  been  touched  upon 
in  this  paper,  but  I  think  that,  in  closing  our  meeting,  we  mav 
add  what  may  be  but  an  expression  of  opinion,  though  I  think 
you  will  all  endorse  it,  that  the  subject  of  underwriters  rules  and 
the  subject  of  what  we  may  do  with  our  wires  influenced  by  cur- 
rents which  they  are  not  supposed  to  carry,  is  one  of  much  im- 
portance and  is  worthy  of  a  great  deal  of  thought  and  a  great 
deal  of  work.  It  is  to  be  hoped  that  the  work,  as  it  goes  on,  may 
be  brought  out,  not  only  at  these  meetings,  but  especially  at 
meetings  of  our  representatives  with  the  underwriters'  repre- 
sentatives, so  that  we  may  not  be  working  in  the  dark  and  doing 
our  work  over,  or  doubling  it. 

Mb.  B.  J.  Arnold  :— In  1889,  while  in  charge  of  the  St. 
Louis  office  of  the  Thomson-Houston  company,  I  was  called 
upon  to  reconstruct  the  lifting  plant  of  the  Southern  Hotel, 
which  consisted  of  a  50-light  T.-H.  dynamo  with  fifty  2,000  o.  p. 
lamps  running  in  different  parts  of  the  building.  The  plant  was 
origmally  installed  by  the  T.-H.  company,  with  underwriters' 
wire.  This  wire  was  run  under  the  floors  and  fished  through 
from  one  hole  to  another.  The  result  was  that  it  came  in  con- 
tact with  the  iron  beams  of  the  building  in  many  places.  These 
iron  beams  consisted  of  old  railroad  rails,  out  of  which  the  hotel 
is  built,  as  the  proprietor  was  largely  interested  in  a  railroad 
which  had  recently  relaid  its  tracks  with  heavier  rails,  and  the 
old  rails  wei*e  utilized  in  the  construction  of  his  building.  The 
wires  were  supposed  not  to  touch  the  iron,  but  as  the  lights  for 
some  inexplainable  reason  would  suddenly  go  out  at  times,  and 
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Start  up  again  as  suddenly  as  they  went  out,  without  the  defect 
appearing  to  be  in  the  dynamo,  the  conclusion  seemed  to  be  that 
as  the  building  was  infested  with  rats,  they  occasionally  stepped 
on  the  wires  and  brought  them  in  contact  with  the  iron  of  the 
building,  causing  a  momentary  short-circuit.  It  was  not  only 
severe  upon  the  rat,  but  upon  the  lighting  service,  and  caused 
great  dissatisfaction.  The  management  of  the  building  had  be- 
come thoroughly  disgusted  and  threatened  to  throw  the  plant  out, 
as  they  had  K)oled  with  it  for  about  three  years.  They  sent  our 
company  word,  that  unless  the  thing  was  fixed,  they  would 
abandon  the  plant.  After  looking  it  over,  I  decided  that  the 
best  was  none  too  good  in  this  case,  and  as  I  feared  that  with 
even  the  beet  insulation  available,  the  rats  might  chew  it  oflf  and 
bring  the  wire  in  contact  with  the  iron  beams  again,  I  adopted 
the  only  conduit  system  that  occurred  to  me,  as  follows : 

We  secured  bamboo  fish  poles,  cut  them  in  lengths  of  about  six 
feet  each,  bored  out  the  pith  and  threaded  them  upon  okonite 
wire,  and  wired  the  buildmg  throughout  in  this  manner,  started 
up  the  plant,  and  so  far  as  I  Know  there  has  never  been  the  least 
difficulty  with  it  from  that  time  to  this.  The  management  were 
to  have  60  days  to  test  the  plant  in  before  paying  for  it,  but  they 
sent  me  a  check  in  thirty  days  with  a  letter,  saying  they  were  sat- 
isfied. 

I  believe  this  is  the  first  case  of  interior  conduit  on  record,  but 
as  I  was  more  interested  in  getting  the  plant  to  work  satisfac- 
torily than  in  any  personal  compensation,  I  did  not  think  of 
patenting  it  or  attempting  to  protect  it.  and  relate  the  instance 
nere  as  it  seems  applicable. 

The  Chaibman: — The  paper  and  discussions  have  been  of 
more  than  usual  interest  to  us,  as  they  seem  to  be  so  much  in  line 
with  our  daily  work.  I  am  sure  that  we  are  all  verv  much  ob- 
liged to  the  gentlemen  who  have  kindly  spoken  to  us  this  evening, 
and  have  given  us  their  ideas  on  this  subject.  If  there  are  no 
further  remarks,  a  motion  for  adjournment  is  in  order. 

[Adjourned.] 


Discussion  Continued,  New  York,  May  21,  1895. 

The  President: — It  was  decided  at  our  last  meeting  that 
Prof.  Anthonv's  interesting  paper  on  "Underwriters'  Rules," 
which  for  lacK  of  time  could  not  receive  the  full  discussion  that 
its  merits  and  importance  demanded,  should  come  up  for  discus- 
sion this  evening.  I  will  therefore  ask  that  the  discussion  be 
opened  by  Prof .  \Villiam  L.  Puffer  of  the  Massachusetts  Institute 
of  Technology,  and  the  subject  will  then  be  open  for  discussion 
by  any  member  who  wishes  to  take  part. 
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Discussion. 

Prof.  Wm.  L.  Puffek  : — 1  must  confess  that  I  was  somewhat 
surprised  when  I  read  the  notice  announcing  to  the  members  that 
I  was  to  open  the  discussion  on  this  paper,  especially  as  it  was  a 
paper  that  I  did  not  hear  in  the  iirst  place,  and  the  discussion  of 
which,  takinff  place  either  here  or  at  Chicago,  I  have  not  very 
carefully  reaa.  I  looked  over  the  proofs  this  morning  but  some- 
what hastily.  I  have  been  very  much  interested  in  this  general 
matter  of  insurance  rules  for  quite  a  number  of  years,  and  es- 
pecially the  last  year  or  so.  I  think  I  may  say  that  I  fully 
a^ree  with  Prof.  Anthony  in  nearly  all  the  remarks  that  he  made 
about  the  subject  of  his  paper,  which  branched  oflf,  I  think,  to- 
wards the  close,  on  to  a  particular  form  of  insulation  of  wire, 
which  was  termed,  I  believe,  a  tube.  I  agree  with  him  most  de- 
cidedly that  the  mere  fact  of  putting  a  braid,  no  matter  how  good 
it  may  be,  over  a  wire  good  or  bad,  does  not  in  any  sense  consti- 
tute a  tube  from  which  the  wire  may  be  removed.  I  take  the 
ground  that  the  presence  of  a  mechanical  covering  on  the  out- 
side of  a  wire  is  a  very  desirable  thing  as  increasing  the  life  of  the 
insulation,  and  in  that  way  to  be  encouraged  ;  but  not  in  the 
sense  of  a  tube,  and  it  should  not  be  used  as  in  ordinary  work. 
In  my  own  mind  I  have  had  the  notion  for  quite  a  while  that 
any  electric  wire  ought  to  be  mechanically  protected  if  that  wire 
was  in  a  position  where  there  was  the  most  remote  possibility 
that  there  could  be  any  interference  with  it ;  and  I  remember 
the  first  occasion  when  I  had  to  consider  the  matter  seriously  was 
in  the  laying  out  of  a  lighting  system  in  the  iron  stack  of  a  large 
library,  m  which  case  it  seemed  desirable,  after  looking  the 
ground  over,  to  recommend — ^and  this,  if  I  remember  correctly 
was  just  before  the  days  of  the  first  tube — to  recommend  that  in' 
that  library,  rubber  covered  wires  should  be  used,  and  that  two 
wires  should  be  put  together  and  pulled  into  common  iron  gas 
pipe  which  should  be  cut  with  due  care  in  removing  the  nns 
which  are  left  by  the  cutter.  I  believe  to-day  that  really  is  the 
best  position  for  wires  subject  to  mechanical  mjury,  for  you  can- 
not easily  hurt  anything  inside  of  an  iron  pipe  unless  you  have 
an  enormous  amount  oi  power  at  command  which  is  not  likely 
in  the  average  place.  Of  course  when  we  come  to  consider  the 
iron  pipe  we  must  draw  a  distinction,  I  think,  between  the  use 
of  alternating  currents  and  direct  currents,  for  I  know  that  if  we 
have  alternating  current  work,  and  if  we  attempt  to  put  a  single 
conductor  in  an  iron  pipe  there  will  be  difficulty.  It  will  cost 
too  much  copper  on  account  of  the  false  drop  we  get  due  to  the 
presence  of  iron.  Also  there  is  the  liability  of  trouble  due  to  the 
mere  hysteresis  loss  of  iron  undergoing  the  various  cycles  of 
magnetization.  So  that  it  would  seem  desirable,  to  me  at  least, 
to  twist  the  wires  rather  than  to  lay  them  parallel  in  the  same 
pipe.  As  even  a  twisted  pair  of  wires  in  an  iron  pipe  will  have 
a  talse  drop,  it  is  much  better,  in  my  mind,  to  put  those  wire** 
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in  the  form  of  concentric  cables.  But  I  do  not  believe  in  the 
UBual  statement  that  those  two  wires  should  be  insulated  by 
something  that  practically  is  no  insulation  at  aU,  that  is,  a  layer 
of  ordinary  cotton  threads.  For  I  believe  if  insulation  is  worth 
having  at  all,  we  ought  to  insulate  between  the  wires,  aiming  to 
keep  the  wires  apart  rather  than  afford  an  opportunity  for  the 
wires  to  come  together  and  break  down  the  system.  With 
the  wires  in  pairs  in  an  iron  tube,  if  the  fuses  are  properly  pro- 
portioned, there  will  be  no  trouble  from  burning  holes  in  the 
pipe  itself,  except  in  the  case  of  very  large  conductors.  Under 
those  conditions  there  is,  of  course,  the  possibility  of  melting 
tube,  wire  and  everything  else. 

In  the  discussion  of  this  paper  there  was  what  I  might  call  a 
general  uprising,  in  which  the  insurance  rules  and  insurance  peo- 
ple and  things  of  that  sort  were  treated  rather  harshly.  But  you 
must  consider  that  the  insurance  people  have  a  very  wide  field. 
They  have  to  meet  many  considerations  on  every  side,  the  con- 
sideration of  the  various  contractors,  the  cheap  Johns,  and  the 
man  who  is  paying  the  bill,  and  taking  it  all  toother  it  is  not  an 
easy  row  to  noe.  I  do  not  agree  with  them  in  all  points.  I 
think  there  have  been  mistakes  in  the  insurance  rules  and  that 
there  are  mistakes  in  them  to-day — such,  for  instance,  as  to  what 
a  safety  fuse  is.  The  statement,  as  it  rests  now,  I  think  is  some- 
thing like  this :  "  The  safety  fuse  shall  be  stamped  with  the 
number  of  amperes  it  will  carry  indefinitely  without  heating,"  or 
something  to  that  effect.  Well,  we  know  that  a  good  sized 
piece  of  copper  might  be  stamped  2  amperes,  and  we  could  safely 
guarantee  it  against  heating  with  that  current.  That  is  one  of 
the  little  loop-noles  which  are  in  the  rules.  Of  course  it  should 
read  "  That  it  should  just  melt,  etc."  The  Associated  Factory 
Mutual  Insurance  Companies  of  New  England  have  seen  fit  in 
their  Inspection  Department  to  take  up  the  general  question  of 
inspecting  electric  nsks,  because  they  have  liad  trouble  ;  there 
have  been  fires  started  under  conditions  where  they  should  not ; 
it  is  true  they  have  not  cost  very  much  money  up  to  the  present 
time,  but  they  may  cost  a  great  deal.  Upon  looking  over  the 
style  of  risks  of  these  companies  and  seeing  that  they  really  were 
selected  risks,  or  mills  generally — no  stores,  jio  show-windows, 
no  houses,  no  fire-traps,  but  mills  in  which  the  aesthetic  side  of 
wiring  plays  no  part  at  all,  it  seemed  best  to  me  and  to  the  de- 
partment at  that  time  to  modify  the  rules,  which  we  took  in  the 
main  from  the  i>amphlet  issued  by  the  Underwriters'  National 
Electric  Association,  and  giving  due  credit  in  our  books  for 
what  we  took,  then  modifying,  changing  and  leaving  out  a  great 
many  rules  which  in  our  judgment  did  not  apply  to  the  mutual 
risks.  It  seems  to  me  that  the  National  rules  as  they  stand  are 
not  really  what  we  might  call  up  to  date.  They  take  no  account 
(»f  some  of  the  newer  forms  of  transmission,  the  newer  dangers 
and  the  newer  precautions  which  should  be  taken.      While   in 
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general  I  believe  in  sticking  to  one  set  of  rules  throughout  the 
whole  country,  it  seemed  best  to  make  certain  variations.  I  may 
say  that  the  Inspection  Department  is  a  department  maintained 
by,  I  believe,  twenty  insurance  companies — mutuals — for  mutual 
aid  in  preparation  of  drawings  for  their  plans,  sprinkler  layouts 
and  general  engineering  questions,  and  also  to  lay  out  and  main- 
tain a  very  carefully  nlanned  set  of  inspection  routes,  keeping 
men  travelling  arouna  the  different  mills  all  the  time,  each  mill 
being  visited,  I  believe,  about  four  times  a  year.  The  work  of 
the  department  is  in  general  advisory,  and  it  aims  to  meet  the 
mill  men  in  a  friendly  manner,  to  meet  the  contractors  in  a 
friendly  manner,  and  to  do  all  possible  good  without  stirring  up 
any  bad  feelings.  The  scheme  of  rules  as  we  got  them  out  is 
arranged  in  some  such  way  as  this :  In  our  introduction  we  admit 
the  uniformity  of  standards  as  a  desirable  thing,  and  then  we 
have  to  depart  from  it  on  account  of  inability  to  agree,  which  is 
the  general  reason  for  want  of  uniformity.  The  general  plan  of 
our  rules  is  something  like  this :  We  have  divided  them  into 
classes,  the  first  class  being  generatoi*s  as  a  whole ;  the  second 
class  being  electric  motors  as  a  whole,  and  then  comes  arc  light- 
ing as  a  wliole  ;  then  low  potential  systems ;  then  high  potential 
systems  for  power  transmission  in  general,  and  there  is  wliere  the 
danger  lies  now,  I  think,  mainly.  Then  there  is  the  electric 
railway  class,  the  storage  battery,  the  welding,  and  the  foreign  or 
private  wires  as  we  call  them.  We  have  taken  great  care  to  give 
due  credit  in  our  book  to  all  the  rules  which  we  have  taken  bod- 
ily from  the  Underwriters'  rules  as  issued  previous  to  the  1st  of 
January.  Any  changes  which  we  have  made,  even  to  changes 
of  grammatical  expression,  and  any  new  rules,  have  been  marked 
very  carefully  with  a  large  block  letter  to  distinguish  them  from 
the  rules  which  they  may  have  replaced.  We  then  say  in  large 
print  on  the  paee  opposite  the  first  page  of  rules,  that  these  rules 
are  to  be  consiaered  as  carefully  drawn  specifications  indicating 
what  we  believe  at  the  present  time  to  be  the  best  form  of  con- 
struction for  mill  work,  and  advising  that  all  contracts  for  new 
work  have  a  copy  of  the  rules  bound  in  as  a  part  of  the  contract, 
and  then  we  go  on  and  give  our  rules.  Under  each  rule  we  have 
written  very  carefully  a  description  or  explanation  of  what  is 
meant  by  that  rule,  lor  in  our  work  we  find  that  we  can  very 
often  convince  a  man  and  lead  him  to  our  belief-  by  telling  him 
the  reason  why,  when  we  cannot  do  it  by  telling  him  that  he 
must.  Under  the  head  of  grounding  lightning  arresters,  for  in- 
stance, we  describe  how  to  do  it  and  why  certain  things  are  bad- 
And  so  under  everything.  We  explain  as  well  as  we  possibly 
can  and  get  out  what  seems  to  be  to  us  a  good  set  of  rules.  The 
only  objection  which  we  have  met  with  up  to  the  present  time — 
I  expect  to  hear  a  number  before  the  evening  is  over,  however — 
has  teen  due  to  only  one  rule  which  we  have  modified,  and  that 
rule  which  we  have  modified  is  the  rule  about  sockets  and  lamps. 


Digiti 


ized  by  Google 


1895.]  DISCUSSION  IN  NEW  FORK,  197 

Now  the  regulation  rule  says,  that  the  shell  of  the  lamp  socket 
shall  be  insulated  from  the  circuit.  In  addition  to  that  we  say 
"  nor  should  any  exposed  part  of  the  lamp  base  be  a  part  of  the 
circuit,"  for  you  know  well  enough  that  every  portable  lamp  and 
every  drop-lamp  cord  is  handled  by  everybo<iy — Tom,  Dick  and 
Harry,  in  the  basement,  in  the  attic,  in  the  cotton  room  where 
there  is  loose  stufi,  down  in  the  well  or  where  it  is  wet,  and  there 
is  no  reason,  in  my  mind,  why  the  exposed  part  of  the  lamp  base 
should  not  be  insulated  from  the  circuit ;  for  there  is  no  use  in 
carefully  insulating  the  holder  and  the  socket  and  the  guard  ring 
for  holding  the  shades,  and  then  put  in  a  50  c.  p.  lamp  or  even  a 
10  c.  p.  with  a  great  shell  outside  and  leaving  that  in  connection 
with  the  circuit  vith  all  the  dangers  that  abound  when  there  are 
portable  exposed  parts  of  the  circuit,  or  exposed  parts  of  the  cir- 
cuit in  such  places  as  to  be  within  reach  of  every  oody. 

There  is  another  matter  too,  in  which  we  have  departed,  and 
it  is  the  subject  that  I  wanted  to  bring  up,  especially  as  my  share 
of  the  discussion  of  this  general  paper  on  insurance  roles,  and 
that  is  the  Question  of  the  carrying  capacity  of  wires.  Under  that 
head  there  is  a  great  deal  that  can  be  said.  You  remember  that 
in  the  old  insurance  rules  previous  to  the  10th  of  January,  when 
the  changes  were  made,  the  carrying  capacity  table  was  based  on 
the  experiments  of  Mr.  Kennelly  some  years  ago,  which  experi- 
ments, we  must  all  admit,  were  very  carefully  carried  out,  havmg  a 
scientific  basis  and  depending  on  practical  measurements. — just 
what  we  want  when  we  fall  back  on  any  particular  thing  as  a 
standard — something  that  we  can  back  up  and  defend.  Now 
about  the  last  part  of  December,  I  believe,  and  in  the  official  pa- 
pers which  came  out  about  the  10th  of  January,  the  Underwri- 
ters National  Electric  Association  issued  a  set  of  ratings — two  of 
them,  in  fact,  one  for  concealed  and  one  for  open  work.  The 
c«»ncealed  work  table  has  been  increased  25  percent,  over  the  old 
table,  which  was  based  on  Mr.  Kennelly's  ngures,  and  the  open 
work,  meaning  cleated  work  overhead,  has  been  increased  75 
per  cent.  Now,  at  that  time,  we  could  not  see  our  way  clear  to 
adopting  all  those  changes,  for  it  was  quite  plain  to  my  mind 
at  tnat  time,  that  we  were  running  altogether  too  close  to  the 
point  where  the  insulation  of  the  wire  would  be  very  seriously 
injured,  and  perhaps  in  this  connection  I  ought  to  say  what  the 
table  used  by  us  at  that  time  was  based  upon.  It  was  based  on  a 
recommendation  make  by  a  large  and  thoroughly  scientific  com- 
mittee of  the  English  Institution  of  Electrical  Engineers,  who  re- 
ported that  in  their  opinion  no  wire  should  ever  be  heated  to  a 
point  higher  than  150°  F.  In  their  experience  they  had  learned 
that  rubber  and  rubber  compounds  on  an  average  began  to  disin- 
teo:rate  at  150"^  F.  We  have  taken  some  trouble  to  find  out 
wliether  or  not  the  average  American  wire  would  come  under  this 
same  classification,  and  we  find  that  the  average  statement  is 
about  the  same.     That  means  that  the  average  rubber  wire  can 
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be  trusted  only  up  to  150°  F.,  or  a  rise  of  75°  over  the  average 
temperature  of  the  atmosphere.  Then,  taking  that  point  as  the 
ultimate  limit,  the  English  engineers  recommended  that  the  wire 
should  not  carrv  over  one-half  that  current  which  will  heat  the 
wire  up  to  150  F.,  thus  providing  for  a  safety  factor  of  two  ; 
this  one-half  current  will  produce  a  rise  of  about  19^  F.,  which 
of  course  is  very  low.  Now,  with  respect  to  these  new  ratings 
the  increase  of  25  per  cent,  and  the  increase  of  75  per  cent.,  there 
is  in  the  official  announcement  which  I  have  here,  no  authority 
for  the  increase,  no  excuse,  no  reason,  no  scientific  basis  for  the 
table.  It  is  simply  given  as  an  arbitrary  table,  and  therefore 
just  as  good  or  just  as  bad  as  any  other  arbitrary  table. 

At  that  time  I  had  some»experiments  carried  on  simply  to  test 
the  correctness  of  my  opinion  that  it  was  not  desirable  to  heat 
wires  so  much  as  permitted  bv  the  new  table.  We  keep  the 
old  rating  for  the  present,  but  I  do  not  say  that  we  shall  not  change 
that  rating.  I  do  not  say  that  if  the  proposed  conference  be- 
tween the  various  interests  sees  fit  to  recommend,  after  due  de- 
liberation, one  of  the  ratinp,  we  should  not  adopt  it.  But  at 
present  we  do  not  want  to  do  so,  for  we  think  that  that  rating 
may  possibly  be  changed  when  the  danger  of  it  is  properly 
brougnt  out.  I  then  went  to  work  looking  up  as  many  data  as  I 
could  find  and  I  plotted  them  on  a  sheet  of  paper  which  I  have 
here.  I  have  Prof.  Forbes'  tables  for  bare  wire  and  for  covered 
wire.  They  do  not  agree  with  anything  else  that  I  have  been 
able  to  get.  I  had  also  plotted  Mr.  Kennelly's  work  for  bare 
wire,  black  wire  and  concealed  wire ;  also  some  experiments  of 
our  own,  and  from  them  reached  the  general  conclusion  that 
Professor  Forbes'  tables,  which  are  based  on  scientific  exi>eri- 
ments,  not  made  on  wires,  but  on  something  else ;  are  not  cor- 
rect. They  do  not  give  the  proper  carrying  capacity  for  the 
wire  at  that  particular  temperature. 

Now,  as  to  the  methods  which  I  took  to  find  out  eei'tain  re- 
sults, I  suggestetl  to  one  of  our  young  men  at  the  Institute,  for 
a  thesis,  that  it  would  be  advisable  to  carry  on  some  very  inter- 
esting experiments  from  this  point  of  view  ;  we  obtained  seventy- 
five  samples  of  wire,  which  we  put  through  a  careful  test.  Tlie 
object  of  the  test  was  to  find  out  what  strength  of  cun'ent  pass- 
ing  through  those  wires  for,  say  ten  or  fifteen  minutes,  would 
raise  the  temperature  of  the  wire  up  to  some  definite  point  which 
we  would  readily  recognize  without  measurement  ot  the  ixjsist- 
ance  or  any  guess-work.  The  first  end  point  that  was  used  was 
when  a  very  small  drop  of  water,  insertea  through  a  small  hole  in 
the  insulation  and  put  in  contact  with  the  copper  would  just  boil  ^ 
that  was  the  first  point.  The  next  point  was,  when  the  slightest 
trace  of  visible  smoke  appeared.  There  were  those  two  ]X)int8. 
The  seventy-five  samples  of  wire  were  put  tlirough  that  particu- 
lar test  in  tnis  way  ;  we  took  a  500-volt  alternating  circuit,  con- 
nected it  through  a   reactive  coil  to  a  welding  coil.      In  the 
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welding  coil  secondary  we  put  the  wire  under  test  in  series  with 
a  suitable  ammeter  and  very  slowly  increased  the  current  until 
the  points  were  found.  If  the  boiling  point,  which  generally 
came  first  was  reached  too  quickly,  the  current  was  reduced.  The 
aim  was  to  find  the  current  which  would  lust  be  sufficient  when 
long  continued,  to  give  the  indication.  The  wire  was  used  in 
five  foot  lengths,  and  bent  into  a  horizontal  loop  nearly  circular. 
The  room  was  as  free  from  drafts  as  could  be,  and  such  care  was 
taken  that  the  results  are  as  close  as  the  rather  uncertain  end 
point  will  allow.  Now,  before  showing  you  the  curves,  I  want 
to  refer  to  one  thipg  which  1  have  never  seen  pointed  out : — 
it  seems  to  me  that  in  wiring,  as  in  all  engineering  work,  we 
ought  to  allow  a  safety  factor.  A  bridge  builder  who  in  his 
calculations*  only  allowed   for  the   amount   of    weight  he   was 
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going  to  carry  over  a  bridge,  would  not  be  the  man  we  would 
trust  to  build  the  Brooklyn  bridge.  We  would  want  a  man 
who  would  build  a  bridge  that  would  stand  not  only  the  weight 
of  the  bridge  cars  but  of  the  people  in  them,  not  only  that  of 
the  people  in  them  in  ordinary  times,  but  of  the  crowds  who 
would  be  there  in  the  case  of  a  blockade,  and  we  would  want  a 
margin  beyond  that.  So  in  wires  we  want  a  margin — a  margin 
over  something — the  only  question  that  can  be  asked  is  over 
what  ?  The  reason  for  this  margin  is  due  to  the  fact  that  we  can- 
not trnst  our  fuses.  Suppose  we  could  trust  to  a  fuse — we  know 
that  if  we  have  a  shunt  motor,  and  start  one  of  these  great  venti- 
lating fans,  that  we  have  to  use  for  a  short  time  a  great  deal  more 
current  than  the  rated  current  for  that  motor,  beK)re  we  get  the 
fan  up  to  speed.     We  know  too,  that  if  our  main  line  voltage  is 
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fluctuating,  we  have  to  put  in  a  big  fuse  to  take  care  of  tlie  fluc- 
tuations 01  the  current.  That  means  that  the  wire  which  pre- 
sumably has  been  put  in  on  the  rating  of  the  motor,  has  got  to 
stand  whatever  can  pass  through  the  fuse  that  is  used  in  practice. 
I  say  if  that  is  the  case,  the  rating  table  of  the  wires  should  have  a 
safety  factor,  or  else  there  should  be  some  other  way  of  getting 
the  larger  wire,  as  for  example  by  specifying  that  tlie  wire  used 
sliould  carry  twice  as  much  as  the  motors  are  rated  for,  or  better 
still,  carry  the  amount  that  the  fuse  will  carry  that  we  have  to 
use  in  commercial  operation.  The  curves  I  have  are  in  rather  a 
small  shape  for  a  room  as  large  as  this.  Here  (Fig.  2)  is  a  sheet 
of  paper.  On  it  I  have  plotted  the  curves  of  Mr.  Kennelly  ;  one 
curve  being  the  experimental  curve,  the  double  of  which  currents 
heat  the  wire  up  to  150*^  F.  Along  with  that  I  have  plotted  the 
mathematical  curve  which  Mr.  Kennelly  finds  fits  the  experimen- 
tal quite  closely,  and  from  which  he  calculated  the  safe  carrying 
capacity  of  wire  which  has  been  taken  as  a  basis  for  insurance 
work.  The  insurance  table  is  rather  inaccurate  however,  the 
values  being  given  only  to  the  nearest  five  amperes.  In  the  table 
I  have  given  the  proper  value  as  taken  from  the  experimental 
curve  and  also  the  rating  as  adopted  until  January  10.  Then  I 
have  plotted  the  double  of  that  curve  which  is,  of  course,  for  a 
total  rise  of  75°  F.  These  plots  are  for  paneled  wires.  In  order 
to  show  the  difference  between  paneled  wires  and  wires  in  the 
air,  I-  am  obliged  to  go  to  Mr.  Kennelly's  results  and  take  from 
them  his  experiments  on  bright  copper  and  black  copper ;  then 
plotting  them,  in  order  to  avoid  confusion,  at  80°  C.,  I  have 
plotted  80°  C.  rise  with  bright  copper,  black  copper  and  paneled 
wire ;  the  lower  curve  representing  bright  copper,  the  upper  bare 
copper,  the  middle,  paneled  wire.  The  three  curves  keep  together 
fairly  well,  showing  that  if  we  should  take  the  panel  wire  curve 
as  a  basis  for  the  rating  in  general  we  would  not  do  any  very  great 
injustice  to  either  the  black  copper  or  the  bright  copper.  So  I 
have  simply  taken  it  for  granted  that  the  paneled  wire  curve  is 
correct  enough  for  a  basis. 

The  seventy-five  samples  which  we  tested  up  to  the  smoking 
point  and  the  boiling  point  are  plotted  on  this  paper,  and  they 

give  us  this  top  curve.  That  curve  represents  the  average  of 
le  smoking  points  of  all  sorts  of  wires  that  you  can  think  of. 
There  is  thin  underwriters',  there  is  thick  underwriters,'  there  is 
black  line  wire,  thick  and  thin,  there  is  rubber  covered,  thick  and 
thin — all  sorts.  They  all  smoke  just  about  at  the  same  point. 
It  does  not  make  any  difference  whether  you  have  the  white  un- 
derwriters' or  the  very  heavy  covered  wire ;  if  you  watch  care- 
fully you  >vill  see  smoke  at  just  about  the  same  current  for  the 
same  sized  wire.  So  you  will  agree  with  me,  I  think,  that  we 
may  speak  of  the  smoTking  point  as  a  definite  thing.  The  smok- 
ing point  and  the  boiling  point  correspond  at  the  smaller  values 
and  differ  slightly  at  the  upper  values — 5  or  10  per  cent. 
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Now  as  regards  the  safety  factor — if  we  think  of  the  injury  to 
the  insnlating  cover  of  our  wire— and  there  is  nothing  else  pro- 
vided in  the  rules  but  rubber  covered  wire — our  safety  hniit 
must  be  less  than  the  point  150^  F.  where  that  rubber  begins  to 
spoil.  Its  safety  point  must  not  be  over  the  75°  F.  or  40°  C 
rise  curve  which  I  will  call  the  safety  valve  curve,  as  it  were,  for 
rubber  covered  wire. 

The  open  work  rating  of  the  present  insurance  rules — I  mean 
the  National,  is  a  curve  immediately  under  this  76*^  F.  and  al- 
most up  to  it,  no  safety  factor  worth  c(»nsidering,  I  will  admit 
that  it  would  be  all  right  possibly,  provided  it  v^  for  a  constant 
current  circuit  and  that  the  current  could  not  iticrease  over  that 
particular  value ;  but  if  we  are  obliged  to  use  rubber  wire  for 
the  sake  of  its  insulating  features  we  might  as  well  save  it,  and 
if  we  do  not  want  to  save  the  rubber  covering  of  the  wire,  let  us 
put  on  something  else.  I  have  advised  a  factor  of  safety  of  2  in 
our  rating  table  of  wires  which  is  nothing  else  than  Mr.  Ken- 
nelly's  original  table  which  the  insurance  people  have  used  up  to 
the  first  of  this  year.  And  by  the  way,  I  should  show  you  the 
25  per  cent,  increase  of  the  present  rule  which  really  rests  on 
notning  whatever  except  arbitrariness.  It  is  in  here — here  being 
the  150°  F.  point  and  this  being  the  25  per  cent,  increase.  I 
have  no  objection  to  that  rule  except  that  if  I  double  the  current 
I  heat  the  wire  too  much,  and  if  that  rule  rested  on  some  experi- 
mental data  equally  good,  I  should  not  object  to  it  at  all,  and 
even  now  1  do  not  object,  except  that  it  does  not  rest  on  anything 
particularly.     We  have  nothing  to  go  back  to. 

Professor  Holman,  of  the  Institute,  to  whom  I  showed  this 
plot  as  I  was  leaving  to  take  the  train  for  New  York,  has  sent 
me  a  letter  which  I  received  this  morning  in  which  he  has  given 
mc  a  mathematical  expression  for  this  smoking  point  curve — he 
says  is  very  close  to  it.  The  smoking  current  is  1,610  times  the 
diameter  of  the  wire  to  the  1.28  power,  the  diameter  being  in 
inches.  The  current  then  in  amperes  which  will  make  any  kind 
of  insulated  wire  smoke  can  be  calculated  by  taking  1,610  times 
the  diameter  in  inches  raised  to  the  1.28  power.  Now  the  limit- 
ing rise  of  temperature  of  these  observations  made  in  ordinary 
air  at  a  temperature  of  about  20  to  25®  C.  in  about  80°  C,  and  if 
we  look  at  Mr.  Kennel ly's  eighty  degrees  rise  curves  there  is  a 
discrepancy.  Mr.  Kennelly  measured  resistance  and  from  that 
calculated  the  temperature!^  I  am  not  prepared  so  say  whether  1 
believe  that  the  resistance  measurement  actually  expresses  the 
true  temperature  of  the  wire  itself.  May  it  not  be  that  the  mid- 
dle of  the  wire  is  much  hotter  than  the  outside,  and  consequent- 
ly Mr.  Kennelly's  error  be  in  one  direction  while  our  experi- 
ments must  necessarily  rest  on  an  end  point  which  is  a  little  bit 
hotter  and  therefore  giving  an  error  in  the  opposite  direction. 
Probably  this  is  the  reason  for  the  discrepancy.  If  you  will  no- 
tice again  you  will  see  that,    practically   speaking,   the   original 
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erable  danger  which  can  be  entirely  removed  by  a  device  which 
I  am  a  little  afraid  to  suggest,  although  I  belie  vein  it  thoroughly . 
I  believe  that  where  a  transformer  is  used,  receiving  energy,  say 
at  three,  four  or  five  thousand  volts,  and  transmitting  the  energy 
over  a  mill  for  lighting  circuits  at  comnaratively  tow  voltages, 
that  it  is  introducing  a  serious  danger.  Of  course  I  admit,  with 
everybody  else,  that  converter  insulation  never  breaks  down. 
Nevertheless,  suppose  it  did  happen,  and  there  are  those  who  say 
it  does  now  and  then,  we  have  the  high  voltages  distributed  over 
a  hundred  different  circuits  containing  lamps  and  sockets  designed 
for  only  the  small  voltage.  Of  course  we  know'  that  any  em- 
ployee giving  the  system  the  slightest  touch  would  have  a  shock 
even  if  the  insulation  was  perfect,  due  to  the  electro-static  capac- 
ity. 1  think  the  insurance  rules  ought  to  introduce  another  fac- 
tor, and  that  is  safety  to  life  as  well  as  safety  from  fire.  I  think 
there  is  something  ot  an  insurance  nature  in  the  demoralization 
of  a  fireman  when  he  realizes  that  if  he  touches  a  wire  he  is 
likely  to  get  au  unpleasant  sort  of  shock.  Such  a  fireman  is  not 
half  as  good  in  putting  out  a  tire  as  a  man  who  will  wade  right  in. 
Now,  here  is  my  suggestion  :  thoroughly  ground  the  middle  of 
vour  secondary  wire.  If  you  do  that,  your  trouble  all  disappears. 
1  look  on  it  as  the  choice  of  two  evils ;  I  will  take  the  lesser  evil, 
and  that  lesser  evil  is  grounding  the  middle  of  the  secondary, 
putting  a  lesser  strain  on  the  insulation  than  by  a  ground  either 
side,  rendering  it  iippossible  for  the  high  voltage  to  go 
over  your  mill,  and  then  no  one  can  get  a  greater  shock  fipm 
any  part  of  the  service  than  the  voltage  of  the  plant  itself  be- 
tween the  wire  and  ground.  Suppose  you  have  a  100-volt  plant; 
if  you  ground  in  the  middle,  there  is  60  volts  alternating  which 
is  not  a  very  serious  matter.  If  you  have  a  3-wire  transformer, 
it  is  nothing  but  110  volts.  If  this  is>  done,  the  electro-static 
charge  element  entirely  disappears.  You  have  no  fear  whatever 
of  grasping  your  secondary  wire  at  any  particular  point,  and  I 
must  admit  that  I  always  take  hold  of  a  wire  that  I  know  to 
come  from  a  transformer  with  very  considerable  dread ;  and  that 
element  would  then  disappear.  The  fire  danger,  I  think,  is  com- 
paratively small,  and  the  fear  of  shocks  in  the  minds  of  the  fire- 
men will  instantly  disappear.  For  in  mill  work,  you  know,  the 
firemen  are  right  around  the  premises  at  work,  and  they  know 
just  what  is  gomg  to  happen  when  they  touch  those  wires,  and  from 
experience  they  will  learn  that  there  is  nothing  going  to  happen. 
1  think,  gentlemen,  I  have  taken  altogether  too  much  time 
under  the  pretense  of  opening  the  discussion  on  another  man's 
paper  by  almost  introducing  one  of  my  own.  But  I  should  be 
very  glad  to  add  anything  that  I  can  wnich  I  may  have  left  out, 
or  supply  any  information  that  I  possess  in  this  general  matter 
that  I  nave  brought  out  and  which  I  wish  to  have  fully  discus- 
sed, and  especially  the  grounding  of  the  secondary  of  trans- 
formers, which  I  believe  most  decidedly  to  be  the  proper  thing. 
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Mr.  a.  E.  Kennelly  : — Mr.  President  and  gentlemen,  1  did 
not'  intend  to  say  anything  so  early  in  the  proceedings;  but  as 
there  seems  to  be  an  unwillingness  on  the  part  of  many  present 
to  bring  forward  their  own  remarks,  I  want  to  fill  in  the  oppor- 
tunity at  least. 

The  broad  (juestion  as  to  the  desirability  of  having  insurance 
rules  revised,  is,  I  think,  very  evident,  since  there  seem  to  be  so 
many  different  sets  of  rules  in  existence,  and  the^e  not  only 
differ  in  detail,  but  also  radically,  so  that  the  rules  by  which  a 
particular  installation  shall  pass  m  one  case  or  by  one  company, 
will  not  permit  that  same  installation  to  pnss  or  be  admitted 
under  the  regulations  of  another  company.  The  question  as  to 
how  far  tms  Institute  ought  to  enter  into  an  arrange- 
ment whereby  such  conformity  of  action  can  be  obtained,  is  a. 
little  more  difficult  to  determine.  On  the  one  hand  it  seems 
clear  that  from  all  commercial  questions  at  least,  the  Institute 
should  be  careful  to  keep  aloof,  because  a  danger  we  all  know 
exists  that  if  the  Insttfute  enters  into  a  (juestion  of  endorsing 
a  particular  wire  of  Mr.  A — .  or  the  particular  way  of  putting 
in  a  wire  of  Mr.  B — .  that  there  would  be  a  continual  aemand 
that  the  Institute  shall  endorse  the  particular  wires  of  Mr.  X., 
Mr.  Y.  and  Mr.  Z.  But  in  a  case  of  this  kind  where  injustice 
appears  to  be  possible  to  a  number  of  manufacturers,  and  to  a 
number  of  persons  who  desire  to  make  and  install  good  work,  it 
seems  desirable  that  the  Institutb  should  at  least  lend  a  hand  in 
settling  a  very  difficult  and  very  important  matter.  While  of 
course,  it  is  easy  to  put  one's  finger  upon  the  weak  points  in 
various  rules  as"  we  see  them,  yet  1  think  we  may  perhaps  be 
doing  scant  justice  to  bodies  that  liave  been  doing  a  ^at  deal' 
of  good  work  in  the  past;  I  mean  these  different  insurance 
boards  and  the  work  that  has  been  done  by  their  advisers.  I 
tliink  tliere  can  be  no  doubt  that  if  these  insurance  bodies  with 
their  rules  and  their  inspectors  had  not  been  at  work  in  the  past,, 
that  electric  lighting  would  have  fallen  into  a  great  deal  more 
discredit,  and  the  art  would  have  been  much  less  advanced  than 
it  is  at  present.  1  think  we  owe  therefore,  a  great  deal  of  good 
to  their  efforts,  even  although  their  rules  may  be  capable  of  im- 
provement in  detailed  particulars.  I  think  it  is  very  important 
that  any  such  system  of  rules  should  not  state  anywhere  what 

Sod  manufacturing  should  be.  I  maintain  that  every  man 
ould  keep  to  his  own  business,  and  it  is  not  the  business  of  the 
fire  inspectors  or  the  fire  insurance  board  to  say  what  good  elec- 
trical engineering,  or  good  electrical  manufacturing,  or  good 
electrical  installation  may  be.  The  business  of  that  board  or  those 
inspectors  is  to  say  what  dangerous  or  false  installation  and  work 
may  be ;  and  any  system  of  rules,  therefore,  which  should  be  ar- 
ranged as  a  uniform  system  throughout  the  country  should  be 
careful  to  f^tate  what  should  not  be  done  and  not  to  try  to  define 
what  should  be  done.     If  they  do  that,  there  will  be  far  less 
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danger  of  having  to  modify  their  rules  every  few  months,  as 
electrical  method  multiply  and  change.  The  electrical  manu- 
facturer, contractor  or  engineer  does  not  desire  to  state  what 
iire  hazard  is,  or  its  limitations,  or  its  commercial  capabilities. 
Bis  duty  is  to  endeavor  to  make  the  plant  he  has  in  hand  as  good 
as  it  can  be  made  under  the  circumstances.  Insurance  rules 
would  go  beyond  their  natural  limits  altogether  should  they  at- 
tempt to  say  what  ought  to  be  used,  instead  of  simply  saying 
what  ought  not  to  be  used. 

In  regard  to  the  detail  question  of  the  safe  carrying  capacity 
of  wires,  I  think  it  is  only  fair  to  mention  that  Professor  Forbes, 
when  he  tabulated  such  results  as  he  possessed  a  good  many  years 
ago — I  think  it  was  about  1885 — merely  took  such  information, 
such  experimental  datt^  as  existed  at  that  time,  and  put  them  into 
tabular  form.  He  did  not  in  any  way  declare  that  such  data 
were  reliable,  but  simplv  assuming  them  to  be  reliable  gave  the 
results  to  which  those  data  pointed ;  and  consequently  the  fact 
that  in  conformity  with  more  recent  developments,  the  tables 
that  he  prepared  are  not  perfectly  accurate,  does  not  in  any  way 
detract  from  the  merit  of  Professor  Forbes'  work.  In  fact  he 
pointed  out  a  great  many  things  at  that  time  which  were  and 
still  are  valuable,  and  which  were  new  and  important. 

The  question  of  how  much  margin  should  be  left  in  different 
wires  is  an  important  one,  because  it  always  raises  a  question  of 
economy  ;  that  is  to  say,  the  man  who  wants  to  put  in  a  wire  as 
cheaply  as  possible,  wants  naturally  to  put  in  as  small  a  wire  as 
shall  be  permitted  to  him  under  the  rules;  whereas,  the  man 
who  has  to  take  the  fire  risk  wants  to  have  that  wire  as  large  as 
possible,  so  that  under  no  conceivable  conditions  the  wire  may 
oecome  too  hot.  Therefore  there  must  always  be  a  conflict  and 
a  clash  of  opinion  between  those  two  representatives.  When  a 
large  wire  is  put  in,  I  mean  a  main  or  a  sub-main,  that  large  wire 
does  not,  it  would  seem,  require  to  carry  such  a  large  excess  of 
current  as  a  small  wire.  That  is  to  say,  some  accident  may  hap- 
pen on  a  small  wire  by  which  an  unduly  large  current  may  pass 
through  it,  or  a  motor  may  be  on  that  wire  which  may  require 
an  unduly  large  current;  whereas,  all  over  a  building  a  number 
of  such  accidents  will  not  conspire,  and  therefore,  a  large  main 
does  not,  I  think,  require  so  large  a  margin  of  safety  as  a  small 
wire.  But  I  agree  with  Professor  Puffer  that  a  margin  of  safety 
is  desirable,  and  that  we  should  not  work  up  to  the  safety  limit 
in  putting  in  wire,  particularly  a  small  wire.  The  safety  limit 
of  a  wire  is,  I  think  we  will  all  agree,  a  wire  which  you  can  hold 
in  the  hand  witliout  discomfort.  When  a  wire  is  so  hot  that  you 
cannot  hold  it  without  either  having  a  verv  thick  epidermis  or 
else  a  remarkable  degree  of  Spartan  equammity,  that  wire  is  at 
the  limit  of  safety.  1  think  this  temperature  is  reached  by  about 
50  per  cent,  excess  of  currents  over  those  given  in  the  original 
table  of  Insurance  Rules. 
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I  think  then  that  a  committee  might  be  formed  by  the  Insti- 
tute, which  should  have  the  power  to  arrange  some  plan  by 
which  a  general  conformity  of  rules  should  be  met  all  over  the 
North  American  continent,  to  specifv  what  bad  practice  should 
be,  and  what  should  be  avoided,  and  that  by  such  a  plan  we  shall 

Sin  not  only  in  simplicity  but  in  security,  and  at  the  same  time 
e  manufacturer  and  the  man  who  is  putting  in  a  plant  shall 
not  be  harassed  and  hampered  by  needless  complications. 

The  PBEsroENT: — I  see  Mr.  Woodbury  is  nere.  We  would 
be  pleased  to  hear  from  him  upon  this  subject. 

Mk.  C.  J.  H.  Woodbury: — Mr.  President:  The  treatment 
by  the  speaker  of  the  evening  of  the  carrying  capacity  of  wires 
is  one  which  has  a  great  deal  of  interest,  and  the  ratio  used  in 
his  factor  of  safety  is  one  which  I  think  deserves  very  careful 
attention.  A  factor  of  safety  is  an  ei^pirical  multiplier,  whose 
necessity  in  the  mechanics  of  engineering  is  for  the  most  part  due 
to  the  variation  between  the  hypothesis  upon  which  the  modulus 
of  rupture  is  based,  and  the  results  of  the  precedents  furnished 
by  experience.  Now,  if  a  similar  method  of  procedure  will 
fumisn  a  short  cut  to  correct  results  in  the  treatment  of  the  prob- 
lems of  the  safe  conductivity  of  wires,  it  will  furnish  a  desirable 
innovation  in  many  instances. 

The  suggestion  of  the  last  speaker  is  one  which  is  somewhat 
attractive,  and  yet  I  believe  that  there  is  on  the  part  of  others 
something  under  way  in  that  line  in  which  when  the  details 
are  presented,  I  think  it  will  be  found  that  arrangements  have 
already  been  made  for  affiliating  with  the  iNsrrrcTB  of  Elec- 
trical Engineers  for  the  advice,  cooperation  and  skill  which 
they  will  be  enabled  to  give. 

The  question  is  sometimes  asked  as  to  how  far  tlie  under- 
writers snould  go  as  a  matter  of  business  policy  on  the  promulga- 
tion of  these  insurance  rules,  which  apply  to  the  hazard  of  elec- 
tricity, which  is  one  of  many  hazards.  An  insurance  policy  is  a 
contract  of  indemnity  under  conditions  which  are  stated  on  that 
policy,  and  which  must  be  construed  according  to  the  laws 
and  decisions  of  the  various  states  having  jurisdiction.  It  may 
be  considered  that  if  a  body  of  underwriters  go  beyond  a  certain 
point  in  the  specifications  of  electric  wiring  or  any  one  thing,  they 
also  assume  responsibilities  which  may  not  have  been  contem- 
plated in  the  original  policy,  and  therefore  there  is  a  phase  to 
this  question  outside  or  beyond  that  which  is  purely  electrical 
or  purely  commercial,  and  that  is  the  insurance  side.  I  believe 
that  it  is  through  tlie  insurance  companies  that  the  questions  per- 
taining to  the  hazards  of  the  transmission  of  large  quantities  of 
electrical  energy,  and  their  abatement,  has  been  brought  before 
the  manufacturers  and  operators  of  electric  plants,  and  that  with 
the  various  opinions  on  the  subject  there  is  no  doubt  but  that  in 
the  immediate  future  the  results  will  be  codified  in  rules  which 
will  be  equitable  and  satisfactory  to  all  of  the  various  elements 
of  the  community  which  are  interested  in  this  subject. 
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Pkof.  W.  a.  Anthony: — As  I  stated  at  the  last  meeting  it 
was  my  object  in  reading  that  paper  to  provoke  a  discussion  upon 
this  matter  and  not  so  ranch  to  bring  any  particular  aspect  of  it 
before  the  meeting.  I  felr  that  it  was  important  that  the  elec- 
trical engineers  should  consider  in  some  way  the  question  of  the 
insurance  rules.  I  had  no  particular  plan  in  mind.  I  did  not 
suppose  that  the  electrical  engineers  would  go  to  work  to  frame 
rules  for  installations,  but  I  wished  to  provoke  a  discussion  which 
should  show  just  where  the  engineering  fraternity  stood  in  this 
matter,  and  I  am  glad  that  so  much  has  been  done.  This  matter 
that  has  been  brought  before  us  to-night  on  the  safe  carrying 
capacity  of  wires  alone,  shows  the  importance  of  having  this  work 
done  by  engineers  who  understand  the  subject  and  who  know 
just  what  tne  work  means.  Professor  Putter  has  brought  to- 
gether all  the  various  experiments  on  the  subject,  has  given  us  a 
number  of  new  experiments  of  his  own,  and  given  us  something 
on  the  safe  carrying  capacity  of  wires  that  we  never  had  before. 
The  fact  that  the  insurance  rules  Jiave  been  changed  in  this 
respect,  without  any  warrant,  without  referring  to  any  authority, 
seemingly  entirely  arbitrarily,  enforces  exactly  the  idea  that  I 
had  in  mind  that  it  is  the  engineers  who  should  decide  upon 
such  matters  as  these,  and  not  the  insurance  companies,  it 
seems  to  me  that  when  such  changes  as  these  are  made,  the  en- 
gineer should  be  consulted  upon  those  changes,  and  I  hope  that 
some  plan  will  be  devised  by  which  the  engineers  may  nave  a 
voice  m  the  matter. 

The  points  that  have  been  brought  up  here  to-night  are  ex- 
ceedingly important  ones.  The  margin  that  should  be  allowed 
is  a  very  important  consideration,  because  safety  fuses  are  un- 
certain in  their  action.  The  blowing  of  a  safety  fuse  always  takes 
time,  and  if  a  very  large  current  is  at  once  thrown  upon  a  wire, 
a  safety  fuse  may  last  Tonff  enough,  before  it  blows,  to  allow  the 
wire  to  become  very  highly  heated,  and  this  is  especially  the  case 
where  large  wires  are  concerned,  and  where  we  are  depending 
upon  large  safety  fuses.  I  do  not  know  that  I  quite  clearly  see 
the  force  of  the  remark  of  Mr.  Kennelly  on  that  point,  that  a 
large  wire  does  not  need  the  same  margin  of  safety  as  a  small 
one,  because  if  we  depend  on  safety  fuses  to  protect  a  large  wire, 
a  large  safety  fuse  takes  so  very  much  longer  time  to  blow  than 
a  smaller  one.  If  a  current  appears  that  is  sufficient  to  injure  the 
larger  wire  it  is  apt  to  remain  upon  that  wire  just  so  mucn  longer 
time,  unless  an  automatic  magnetic  break  is  used  for  cutting  the 
current  off.  I  can  see,  of  course,  that  the  large  wire  may  not  be 
as  liable  to  be  subject  to  a  large  current,  because  we  may  not 
have  the  combination  of  circumstances  to  occasion  the  great  ex- 
cess of  current  on  the  large  wire.  But  that  other  point,  that 
when  we  attempt  to  protect  a  large  wire  by  a  large  fuse,  that 
safety  fuse  may  fail  to  blow  and  may  carry  the  current  for  a 
long  time  over  the  wire,  it  seems  to   me  makes  it  just  as  im- 
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portant  that  the  large  wire  shonld  have  as  large  a  factor  of  safety 
as  the  small  one. 

Mr.  W.  J.  Hahmbb  : — At  the  last  meeting  1  referred  to  the 
proposed  call  by  the  National  Electrical  Light  Association  for  a 
joint  meeting  of  the  different  organizations.  I  have  here  a  list 
of  those  to  whom  it  is  proposed  by  that  committee  to  extend  the 
invitation.  Although  the  formal  invitation  has  not  yet  been  ex- 
tended, it  will  be  very  shortly,  and  assurances  have  already  been 
given  informally  by  a  number  of  those  parties  that  they  will  co- 
operate. It  is  proposed  that  this  meetmg  should  probably  be 
held  towards  the  latter  part  of  September. 

Db.  C.  T.  Hutchinson: — I  suggest  that  this  discussion  be 
ended.    This  is  an  entirely  foreign  matter. 

The  PREsroENT : — I  think  this  has  a  bearing  on  the  subject.  The 
question  under  discussion  was  Professor  Anthony's  paper  and  also 
to  see  what  action  the  iNsirruTB  would  take  in  pursuance  thereof. 

Mr.  W.  J.  Hammer: — ^The  organizations  to  whom  it  has  been 
suggested  that  invitations  be  sent  are,  The  Amj«ioan  Instftutk 
ofElectrioal  Engineers,  The  Underwriter's  Association,  the 
American  Street  Eailway  Association,  the  American  Bell  Tele- 
phone Company,  the  National  Fire  Chiefs  Association,  the 
Western  Union  and  Postal  Telegraph  Companies,  the  American 
Institute  of  Architects,  the  Inspection  Department  of  the  Asso- 
ciated Mutual  Insurance  Companies  of  Boston,  and  there  are 
also  several  others  which  are  under  the  consideration  of  the  com- 
mittee. It  is  also  proposed  to  extend  at  that  time  a  general  in- 
vitation to  any  one  interested  either  in  insurance  matters  or  in 
electrical  installation  throughout  the  country  to  send  in  to  that 
meeting  any  objections  or  suggestions  which  they  might  have 
with  respect  to  any  of  the  rules  which  are  at  present  l^ing  pro- 
mulgated throughout  the  country.  It  is  proposed  that  meeting 
should  be  held  toward  the  latter  part  of  September.  It  is  hoped 
that  such  questions  as  Professor  Puffer  has  brought  up  here  to- 
night as  to  the  carrying  capacity  of  wires  will  receive  very  care- 
ful consideration. 

Since  the  last  meeting  a  prominent  officer  in  the  insurance 
interef^ts  sent  me  a  letter  in  answer  to  some  correspondence  in 
which  he  said  he  was  afraid  there  was  considerable  feeling  among 
the  insurance  interests  as  to  the  attitude  of  the  Instftute  as 
shown  by  our  last  meeting,  and  I  think  that  if  the  gentleman 
had  been  present  at  the  last  meeting  he  would  probably  have  felt 
differently  about  it.  I  do  not  think  the  position  taken  then  by 
the  members  of  the  Institute  was  for  anything  but  the  general 
advancement  of  the  subject  and  securing  of  the  very  best  methods 
in  construction  and  operation  of  electric  work. 

Mr.  J.  I.  Ayer: — ^The  relations  of  the  insurance  interests  to 
tne  electrical  interests  in  regard  to  wiring  rules  have  been  more 
or  less  strained  for  a  number  of  years^  in  fact  ever  since  the  in- 
surance people  organized  a  department  of  electrical  inspection, 
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and  it  has  been  difficult  to  reconcile  the  differences  and  ^t  har- 
monious action  between  the  bodies  representing  the  two  interests 
— the  insurance  and  the  electric.  That  most  of  the  trouble  has 
been  brought  about  by  misapprehension  there  is  no  doubt,  and 
by  the  lack  of  concerted  action  on  the  part  of  the  electrical 
people.  The  National  Electric  Light  Association  representing 
the  central  station  interests  of  the  country  has  endeavored  to 
effect  harmonious  relations  and  bring  about  the  object  which  is 
now  being  sought,  not  only  by  the  electrical  people  but  I  think, 
to  some  extent  oy  the  insurance  people ;  that  is  a  general  code  of 
rules  which  will  suit  all  interests  and  which  will  ^rhaps  be  the 
result  of  the  work  of  all  interests;  and  I  think  it  is  only  proper 
to  emphasize  the  remarks  made  by  Mr.  Kennelly  and  Mr.  Ham- 
mer in  expressing  the  sentiments  of  the  iNSTrruTE  so  that  there 
may  not  be  a  misconstruction  put  on  this  discussion  by  the  in- 
surance people  of  the  country,  but  that  they  may  understand  the 
desire  oi  the  iNSTiruTE  is  to  harmonize  with  them — is  not  to 
oppose  them  but  to  work  in  harmony  with  them,  and  produce  a 
universal  set  of  rules.  The  insurance  people  in  protecting  their 
interests  have  apparently  trodden  on  our  toes,  perhaps  usurped 
our  prerogatives  as  engmeers,  and  this  has  been  brought  alx>ut 
wholly  by  the  neglect  ofengineers  to  take  care  of  their  own  interests. 

In  relation  to  the  suggestion  of  Professor  Puffer  to  ground  the 
middle  of  the  secondary  coil  of  the  transformer  where  high 
potential  alternating  currents  are  transformed  and  used  for  light- 
ing and  other  purposes  in  mills — several  years  ago  when  our 
transformers  at  the  ordinary  pressures  (1,000  volts  alternating) 
were  not  as  good  as  they  are  now,  and  would  break  down,  some 
of  us  were  much  worried  and  had  to  suffer  a  great  deal  of  anxiety 
by  reason  of  the  dangers  people  were  subjected  to  by  using  these 
inferior  devices  which  happily  have  disappeared.  At  that  time 
I  had  occasion  to  design  a  protecting  device,  which,  I  think, 
would  cover  the  difficulties  he  meets  with,  and  that  was  an  auto- 
matic switch  which  was  operated  by  two  solenoids,  or  either  one 
of  two,  to  open  the  main  line  of  the  secondary  at  the  entrance  of 
the  building  whenever  a  high  potential  current  might  get  on  the 
secondary  wire.  The  solenoids  were  of  sufficiently  high  re- 
sistance to  prevent  the  leakage  .of  but  very  few  watts — they  were 
connected  directly  across  the  mains,  and  the  wire  between  was 
grounded — but  with  any  excessive  potential  difference  sufficient 
current  would  flow  to  actuate  tne  magnets  and  open  the 
circuit.  The  switch  in  opening  could  easily  be  arranged  to 
permanently  ground  the  secondary  leads  from  the  transwmer, 
and  leave  the  building  cut  out.  T^hese  meet  the  difficulty  with- 
out grounding  the  middle  wire  of  the  transformer,  to  which 
there  are  objections. 

Mb.  Fremont  Wilson  : — Professor  Puffer's  paper  has  inter- 
ested me  greatly.  In  regard  to  his  criticism  as  to  the  factor  of 
safety  on  motor  wires  differing  from  the  factor  of  safety  on 
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electric  lijgjit  wires,  mv  experience  has  been  that  there  should  be 
a  great  dmerence  in  tne  factor  of  safety.  I  would  suggest  that 
as  we  have  a  guest  here  this  evening,  a  gentleman  who  has  prob- 
ably had  more  experience  with  motor  service  in  this  city  at 
least,  than  any  of  the  other  members,  that  he  be  invited  to  give 
us  his  experience  in  regard  to  the  factor  of  safety  of  motor  lines, 
as  compared  to  the  factor  of  safety  on  electric  light  lines.  I 
refer  to  Mr.  Arthur  Williams  of  the  Edison  company. 

Th^  President  : — The  Institute  will  be  pleased  to  hear  from 
Mr.  Williams. 

Mr.  Arthur  Williai^s  : — After  listening  with  much  pleasure 
to  the  paper  of  Professor  Puffer  and  the  remarks  which  have 
been  made,  I  really  think  that  to  present  what  I  have  learned  in 
my  own  experience  in  a  comprehensible  form  would  require 
more  time  than  it  would  be  proper  for  me  to  take.  I  am  hardly 
prepared  to  make  any  remarts  that  would  interest  the  Institute, 
and  therefore  ask  to  be  excused. 

Thk  President: — I  believe,  gentlemen,  that  there  is  no  other 
matter  on  our  programme.  I  will  encourage  you  by  informing 
you  of  the  fact  that  the  envelopes  are  almost  opened. 

Mb.  C,  O.  Mailloux  : — Some  of  the  delay  has  been  due  to  the 
fact  that  I  have  been  feeling  rather  restive  as  the  result  of  trying 
to  follow  the  interesting  discussion  and  do  my  work  as  teller  at 
the  same  time.     Mjr  excuse  is  that  I  am  perhaps  as  much  inter- 
ested in  this  discussion  as  any  member  of  the  institute,  because 
my  practice  as  an  engineer  brings  me  into  as  intimate  contact 
with  these  rules  as  perhaps  any  other  member  of  the  Institute 
in  this  section  and  in  various  otner  parts  of  the  country.   Although 
I  was  unable  to  follow  the  whole  discourse  this  evening  because 
of  my  duties  here  as  one  of  the  tellers  of  this  election,  yet  I  fol- 
lowed it  with  as  much  as  I  could  lend  of  attention.      I  am  very 
glad  that  there  has  been  the  amount  of  expression  of  opinion  that 
we  have  received  this  evening.     I  am  glad  to  see  that  we  are 
apparently  aroused  to  the  necessity  of  some  action.     1  spoke 
with  considerable  feeling  on  the  matter  at  the  last  meeting,  and  I 
perhaps  could  not  do  more  at  this  session.     I  do  feel,  however, 
that  r  must  reiterate  the  sentiment  which  I  expressed,  which  is, 
that  we  ought  not  to  be  placed  in  the  position  of  being  dictated 
to  in  this  matter  in  regard  to  what  is  proper,  furthermore  the 
rules  of  insurance  inspection  ought  not  to  oe  such  as  to  hamper 
progress  in  electrical  installation.     I  know  that  in  many  instances 
in  my  experience  I  have  found  it  impossible  to  introduce  the  re- 
forms and  improvements  which  were  calculated  to  greathr  en- 
hance the  character  and  value  of  the  installation,  and  tnerefore,  I 
feel  strongly  that  there  should  be  an  end  to  all  such  methods  that 
tend  to  retard  the  progresss  of  electrical  work,  and  make  us  go 
back  to  prehistoric  systems. 

Dr.  C.  T.  Hutchinson: — It  occurs  to  me  that  there  would  be 
a  good  deal  of  diflSculty  in  telling  just  what  margin  of  safety 
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should  be  used  in  different  cases.  A  factor  of  safety  of  2  for 
which  the  double  current  brings  the  wire  up  to  an  unpleasantly 
warm  point  for  the  hand  only,  would  be  large,  1  should  think,  in 
many  cases. 

I  did  not  altogether  understand  the  reason  for  grounding  the 
middle  of  the  secondary.  I  should  like  very  much  if  Prof.  Puffer 
would  explain  it  a  little  further  when  he  speaks  again. 

Mr.  Ken  nelly  suggests  changing  the  form  of  the  rules  entirely 
and  substituting  a  series  of  ^'don'ts"  for  "  do's."  This  seems  to 
me  fundamentally  wrong,  for  if  you  formulate  rules  saying  you 
shall  not  do  certain  things,  you  leave  it  entirely  to  tlie  discretion 
of  the  inspector,  in  each  case  as  to  what  shall  be  done.  This  would 
be  one  prohibited  and  many  possible,  some  of  which  would  l)e  a 
great  deal  worse  than  the  one  proscribed.  I  should  think  that 
would  open  the  door  wide  to  the  worst  kind  of  work.  I  trust 
that  Professor  Puffer's  paper  will  be  published. 

Mr.  Mailloux  : — Speaking  from  experience,  I  can  say  that  the 
remarks  made  bv  the  last  speaker,  if  1  understand  him  rightly, 
have  a  great  deal  of  force,  I  do  not  think  that  it  would  be  wise 
for  any  set  of  rules  to  undertake  to  go  too  clearly  into  what  we 
ought  to  do.  I  think  it  would  give  us  more  latitude  to  do  what 
we  would  like  to  do  by  plwdng:  the  limitations  in  the  form  of  ne- 

fitions,  that  is  placing  the  limitations  as  to  what  we  must  not  do. 
think  those  limitations  must  be  made  as  few  as  consistent  with 
the  conditions  of  absolute  safety  and  general  good  work.  Let  the 
expert  or  specialist  engineer  attend  to  the  rest.  One  of  these 
limitations  ought  to  be,  for  example,  that  Attix  wire  shall  not  be 
used  except  in  a  conduit  for  concealed  work. 

Dr.  C.  T.  Hutchinson: — 1  cannot  take  the  credit  given  me  by 
Mr.  Mailloux,  this  was  Mr.  Kennelly's  suggestion.  Mine  is  just 
the  reverse. 

The  President: — Gentlemen,  as  I  understand  it,  the  question 
is  whether  it  would  be  the  part  of  wisdom  for  the  American 
Instititte  of  Electrical  Engineers  to  prepare  a  code  of  rules 
for  the  safe  installation  of  electric  plants,  which  could  in  any 
way  be  called  the  American  Institute  of  Electrical  En- 
(HNEERs'  Rules.  I  do  not  think  that  such  work  is  our  function. 
It  seems  to  me  that  by  so  doing  we  would  then  put  ourselves  in 
the  position  in  which  we  claim  that  the  Board  of  Fire  Under- 
writers are.  We  can  criticise  their  rules;  that  is  perfectly  proper. . 
But  I  do  not  think  we  want  to  make  rules  of  our  own.  It  is, 
however,  intolerable  for  engineers  to  be  put  in  the  position  of 
l>eing  told  what  is  good  engineering.  Tnis,  I  think,  is  some- 
thing to  which  we  should  decidedly  object,  and  I  would  be 
glad  to  see  the  Institute  join  with  the  parties  referred  to  in  a 
consideration  of  a  code  of  rules.  I  would  be  sorry  to  see  the 
Institute  attempt  to  formulate  a  set  of  rules  distinctively  their 
own.  I  doubt  very  much  if  such  rules  would  be  accepted  by 
the  Board  of  Fire  Underwriters,  and  any  attempt  to  introduce 
them  would  make  confusion  worse  confounded. 
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Professor  Puffer: — There  are  two  or  three  things  I  have 
noted  as  the  various  members  have  spoken.  First,  abont  the 
Institute  rules — I  think  if  the  Institute  attempts  to  go  into 
the  matter  of  rules  it  will  come  out  in  about  the  same  way  that 
the  English  Institution  did.  The  Eu^ish  Institution  attempted 
to  go  into  rules,  and  met  with  the  Phoenix  Fire  OflSce.  The 
Phoenix  Office  was  willing  that  the  Institution  should  use  any 
number  of  their  rules  they  saw  fit  and  modify  them,  provided 
it  gave  credit  for  the  original  rules  which  it  declined  to  do,  and 
the  whole  matter  dropped  through. 

In  regard  to  the  matter  of  Prof.  Forbes'  experiments,  I  did 
not  wish  in  any  way  to  criticise  the  value  of  his  work  at  that 
very  early  date  when  very  few  of  us  knew  anything  about  elec- 
tricity whatever.  But  I  want  to  call  attention  to  the  fact  that 
taken  in  the  light  of  to-day  his  data  were  not  right  and  rules 
based  on  those  data  could  not  be  correct.  Some  error  crept  in, 
as  it  is  evident,  in  all  of  his  tables. 

I  would  say,  in  connection  with  the  inspection  department,  the 
element  of  judgment  is  admitted.  We  believe  most  decidedly  in 
judgment,  and  at  any  time  any  contractor  feels,  and  can  show 
us  that  there  is  reason  for  believing  that  the  modification  of  a 
rule  or  the  adoption  of  a  different  method  would  be  better,  we 
are  perfectly  willing  to  allow  and  ^nt  permission  to  do  that  very 
thing,  whicn  we  would  not  allow  in  another  case.  For  example 
we  would  admit,  so  far  as  fire  is  concerned,  almost  anything  in  an 
underground  vault,  where  there  was  nothing  but  stonewalls  to 
bum,  but  if  that  same  underground  vault  was  a  powder  ma^zine 
we  would  not  admit  it.  There,  judgment  is  allowed.  It  is  not 
allowed  in  the  ordinary  rules. 

I  would  also  say  that  1  have  a  number  of  carrying  capacity  tables 
issued  by  different  people,  and  I  have  striking  illustrations  of 
tables  brought  out  by  different  authors  and  not  properly  credited, 
or  at  least  tnat  seems  to  be  the  inference,  and  in  general  the  tables 
can  be  divided  into  two  groups ;  one  allowing  a  margin  of  safety 
of  1.5  to  2,  and  the  other  allowing  scarcely  any  at  all. 

Some  speaker  has  objected  to  the  statement  that  rubber 
wire  at  the  temperature  of  150°  F.  is  a  dangerous  thing. 
I  did  not  intend  to  say  that  rubber  wire  at  that  temperature  was 
a  dangerous  thing.  What  I  say  is  this — if  it  is  desirable  to  put  the 
rubber  tube  on  the  wire,  it  is  put  there  for  some  special  reason 
that  calls  for  rubber.  Then  if  you  do  go  to  work  and  neat  the  >vire 
inside  the  rubber  to  a  point  that  would  spoil  that  rubber,  you  are 
doing  a  wrong  thing.  While  I  do  not  object  to  spoiling  the  insu- 
lation in  cases  where  the  insulation  is  of  no  particular  use,  I  should 
rather  not  have  the  insulation  put  there  in  the  first  place,  for,  of 
course  we  all  know  that  rubber  wire  sufficiently  overheated  is  a 
very  dangerous  thing.  I  have  made  a  good  manv  experiments 
on  the  actual  burning  of  wires,  and  it  is  remarkable  how  rubber 
wire  will  act  when  suitablv  heated. 
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About  the  margin  of  safety  of  big  wires  I  agree  with  the  speak- 
er— I  think  it  was  Professor  Anthony — that  larger  wires  ought 
to  have  the  same  margin  as  smaller  ones,  for  the  danger  comes 
when  there  is  trouble  m  the  system.  For  example,  with  a  great 
dynamo  in  a  plant  distributing  through  great  feeders,  the  danger 
comes  when  tnere  is  a  short-circuit  on  the  mains,  of  such  a  re&t- 
ance  due  to  the  length  of  the  arc  that  the  current  which  may 
not  be  sufficient  to  blow  the  main  fuses,  will  be  sufficient  to  greatly 
overheat  the  insulation  of  the  wires  or  even  soften  it. 

About  grounding  the  secondary — the  reasons  I  believe  in  it  are, 
first,  to  ffet  rid  of  eiectro-static  troubles :  of  course,  that  would  be 
admitted,  I  think,  anyway.  Secondly,  I  have  made  a  great  many 
experiments  on  grounded  transformers,  and  I  have  read  with  a 
great  deal  of  attention  the  accounts  of  accidents  that  have  happened 
tlirough  breaking  down  of  transformers.  I  remember  one  wnere  a 
transformer  broke  down  during  a  sleet  storm  in  the  winter,  simply 
due  to  the  leakage  of  water  into  the  case,  and  it  was  discov- 
ered accidentally  and  I  immediately  went  there.  I  succeeded  in 
burning  16  50- volt  lamps  in  series  between  any  lamp  cord  and 
the  tin  gutter  of  the  green-house.  At  night,  when  it  got  cold, 
the  ground  entirely  disappeared,  and  there  was  no  inconvenience 
experienced.  In  the  morning  when  the  thaw  came  on  again,  we 
had  the  same  trouble.  These  things  could  not  positively  happen 
with  the  middle  of  the  secondary  dead  grounded,  which  fact  in 
itself,  is  almost  reason  enough  for  the  grounding.  The  worst 
thing  that  can  happen  is  to  blow  a  primary  fuse. 

In  regard  to  the  carrying  capacity  of  the  wire  on  motor  load,. 
I  think  personally  that  the  carrying  capacity  on  the  motor  load 
ought  to  have  a  greater  margin  if  anytning  than  on  a  lamp  load,, 
for  the  man  that  runs  the  motor  is  going  to  put  in  a  fuse  big 
enough  not  to  trouble  him  under  running  conditions.  I  can,, 
perhaps,  best  illustrate  b  v  a  particular  example,  where  a  very  big 
motor,  several  hundred  horse  power,"  n^  pnt  in,  supposed  ta 
take  60  amperes  under  full  load.  The  wiring  was  figured  on  in- 
surance rules  for  60  amperes.  It  was  found  necessary  on  account 
of  the  starting  current  to  use  180-ampere  fuses.  Now  that  wire 
calculated  for  60  amperes  was  evidently  protected,  if  such  we 
can  call  it,  by  180-ampere  fuses.  So  that  you  will  see  that  in  that 
case  there  is  quite  a  large  demand  on  the  safety  factor  of  the 
rating  of  that  particular  wire.  I  know  of  a  great  many  eases 
where  motors  at  times  are  so  heavily  overloaded  that  they  take 
in  current  three  times  their  rating ;  that  is,  being  rated  for  one, 
the  current  is  often  as  great  as  3.  If  the  wire  is  selected  for  the 
rated  current  of  the  motor  on  the  insurance  rating  of  the  wire, 
it  is  evidently  carrying  about  200  per  cent,  more  than  it  ought 
to  carry,  and  the  protecting  fuse  is  one  that  will  allow  at  least 
200  per  cent,  increase  of  current  over  the  wire  previous  to  the 
melting  of  the  fuse  itself. 
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AMERICAN  INSTITUTE  OF  ELECTRICAL 
ENGINEERS. 

New  York,  May  21st,  1895. 

The  Annual  Meeting  of  the  Institute  was  called  to  order  by 
President  Houston,  at  8.10  p.  m. 

The  President  : — The  Secretary  will  read  the  minutes  of  the 
last  stated  meeting. 

The  Secretary  read  the  minutes  of  the  meeting  of  April  17th, 
and  on  motion  of  Mr.  Mailloux  they  were  accepted  as  read. 

The  Phesident: — Before  asking  the  Secretary  to  read  the 
minutes  of  the  last  Annual  Meeting,  the  boxes  of  ballots  are  here, 
and  the  counting  of  the  ballots  is  a  task  re(]^uiring  considerable 
time,  we  will  now  either  proceed  to  the  election  of  tellers,  or  the 
Chair  will  appoint  them,  as  you  see  fit.    What  is  vour  pleasure  t 

Mr.  Hamblbt  : — I  move  that  they  be  appointed,  by  tne  Chair. 

[The  motion  was  carried  ] 

The  President  appointed  Messrs.  Douglass  Burnett  and  C.  O. 
Mailloux  as  tellers. 

The  President  : — It  is  the  duty  of  the  Secretary  to  report 
the  proceedings  of  Council  for  the  past  year.  Mr.  Secretary,  you 
will  please  reiwi  the  report  of  Council 

The  Secretary  presented  the  following  report : 

AMERICAN  INSTITUTE  OP  ELECTRICAL  ENGINEERS. 
Report  of  Council  for  the  Year  Ending  April  joth,  1895. 

As  required  by  the  Rules,  the  Council  submits  for  the  information  of  the 
membership  a  report  of  the  work  of  the  Institute  during  the  past  year. 

The  Council  has  held  ten  regular  and  one  special  meeting  at  which  the 
average  attendance  has  been  eight. 

The  publication  of  the  proceedings  of  the  Inteimational  Electrical  Con- 
gress, which  was  undertaken  by  the  Institute  under  a  guarantee  of  four 
hundred  subscribers  at  $3.00  each,  was  completed  by  the  issuance  of  the 
volume  in  December  last.  An  edition  of  one  thousand  copies  was  printed^ 
the  cost  of  which  was  $1,517.17.  There  have  been  sold  to  subscribers  and 
dealers  and  furnished  for  review  520  copies  from  which  has  been  realized 
$1,342.91.  The  amount  of  unpaid  subscriptions  is  $174.00,  leaving  a  present 
deficit  cf  $100.26.  represented  by  a  stock  of  480  books  on  hand. 
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The  demand  for  the  book  continues  and  the  sale  of  the  480  copies  on 
hand  will  eventually  yield  a  profit.  The  expense  of  the  publication  was  in 
excess  of  the  estimated  cost  of  $1,200,  part  of  which  was  due  to  special 
editorial  and  translation  work. 

In  June  a  suggestion  was  made  to  Council  in  a  communication  from  one 
of  the  members,  that  the  office  of  the  Institute  be  removed  to  a  down-town 
location.  A  special  committee  was  appointed  to  consider  the  question,  and 
after  a  thorough  examination  into  the  relative  advantages  of  different  loca- 
tions,  rooms  were  secured  in  the  Havemeyer  Building,  which  have  been 
occupied  by  the  Secretary  and  used  for  Council  meetings  and  library 
facilities  since  Nov.  19th.  1894.  This  change  involved  an  additional  ex- 
pense in  rent  of  $250,00  a  year,  as  it  was  still  necessary  that  the  Institute 
meetings  should  be  held  elsewhere,  and  the  auditorium  of  the  House  of  the 
American  Society  of  Mechanical  Engineers,  which  had  been  .used  for  four 
years,  seemed  the  most  desirable  place  for  the  purpose.  The  files  of  the 
electrical  and  mechanical  journals  in  the  new  location  have  proved  much 
more  accessible  for  the  use  of  members,  while  visitors  from  various  parts 
of  the  country  have  found  the  rooms  of  the  Institute  convenient  and  useful. 

Mr.  Edward  Caldwell,  Local  Honorary  Secretary  at  Chicago,  resigned 
his  office  in  September,  owing  to  his  removal  from  that  city  to  New  York. 
After  securing  the  opinions  of  members  residing  in  Chicago  or  its  immediate 
vicinity,  Mr.  Bion  J.  Arnold  was  appointed  as  his  successor.  Papers  have 
been  read  at  both  the  New  York  and  Chicago  meetings  according  to  the 
plan  adopted  last  year  and  with  very  satisfactory  results. 

In  view  of  the  general  interest  in  the  engineering  work  at  Niagara  Pallsi 
it  was  sugg;ested  to  the  Council  by  the  Sub-Committee  on  Papers  and  Meet- 
ings, that  the  next  General  Meeting  be  held  at  that  place.  As  it  was  found 
that  the  work  would  not  be  sufficiently  advanced  in  May,  it  was  thought 
desirable  that  a  later  date  should  be  fixed  upon  and  June  18th  was  chosen. 
A  committee  was  subsequently  appointed  with  power  to  postpone  it  if 
necessary  not  later  than  July  ist. 

A  Council  rule  has  existed  for  several  years  restricting  the  numbers  of 
transfers  from  associate  to  full  membership  to  five  at  each  meeting.  As 
the  delay  caused  by  this  limit  led  to  a  considerable  amount  of  corresponds 
ence  and  explanations,  and  on  account  of  the  number  of  applications  con- 
stantly accumulating,  the  number  was  raised  to  ten,  beginning  March  20th. 

The  Board  of  Examiners  also  recommended  the  adoption  of  a  rule  re- 
quiring that  candidates  for  transfer  should  reach  the  age  of .27  years  before 
their  applications  for  transfer  from  associate  to  full  membership  would  be 
considered.  The  adoption  of  this  rule  was  deemed  advisable,  for  the  reason 
that  the  experience  in  electrical  engineering  considered  essential  could  not 
ordinarily  be  attained  before  that  age  was  reached.  The  action  taken  was 
also  in  accordance  with  the  practice  of  similar  societies  in  other  branches 
of  engineering. 

The  total  membership  at  the  close  of  last  year's  report  was  800,  classified 
as  follows : 

Honorary  Members 3 

Memben 335 

Associate  Members 56a 

Total 800 

Associate  Members  elected 186 

Total 986 
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Total  brought  forward 986 

The  following  have  resigned  during  the  year : 

A.  F.  CHRISTMAS,  CHARLES  LIEB, 

E.  L.  FRENCH,  F.  WAYLAND-SMITH, 

ARTHUR  L.  HOOPES,  CHARLES  A.  BROWN, 

J.  N.  JAMES. 

ToUl  fesignation« 7 

The  following  have  died  during  the  year : 

Pkop.  H.  L.  F.  von  HELMHOLTZ,  JOHN  C.  GEORGE, 

RUDOLPH  EICKEMEYER.  GEORGE  B.  SHAW, 

FRANKLIN  P.  LITTLE,  CHARLES  M.  PAUL, 

GEORGE  M.  PHELPS. 

Total  deaths 7 

Dropped  from  the  n^  on  account  of  non-payment  of  dues x6 

Elected,  but  failed  to  qualify ^ is      42 

944 
Leaving  a  total  membership  of  944  on  Apnl  3oih,  (a  net  gain  of  144,)  classified  a» 

follows: 

Honorary  Members 2 

Members , 281 

Associate  Members 661 

944 

The  reports  of  the  Secretary  and  of  the  Treasurer  show  in  detail  the 
financial  affairs  of  the  Institute  at  the  close  of  the  fiscal  year  : 


Dr. 


SECRETARY'S  BALANCE  SHEET. 
For  The  Fiscal  Year  Endinc.  April  30,  1895. 


Cr, 


To  balance  from  1893 %       4490 

Receipts  for  the  year 10,572  52 

10.617  42 


By  cash  to  Treasurer $10,602  22 

Secretary's  Balance  on  hand 15  so 

$10,617*43 


ITEMIZED  STATEMENT  OF  RECEIPTS  AND  EXPENSES  OF 
THE  INSTITUTE. 

For  Fiscal  Year  Ending  April  30,  1895. 


General 
Receipts. 

Treasurer's  Balance  from  previous  year.$407  54 

Secretary's        '*           '*          **           *'  44  90 

Sundry  Receipts 39  95 

Entrance  Fee* 900  00 

Life  Membership  ( Jame»  Lyman)  . . .  100  00 

Pksc  Dues 3242^ 

Current  Dues *. , ,  6,947  08 

Advance  Dues    80  00 

Electrotypes  Sold 7178 

Transactions  Sold 506  90 

Transactions  Subscribers 21275 

Advertising 21932 

Received  for  Binding  Transactions 27  50 

•*         *'  Badges 219  10 

**         "  Certificates 42  10 

'•         **  Congress-Book    891  81 

[The  amount  of  Ad- 
vance Subflcriptions  in 
last  year's  report  was 
$351.10.] 

Total,  $11,024  96 


Account. 

Expenses. 

Office  Expenses $     6693 

Office  Fixtures 8630 

Telegrams  and  Express 1952 

Stenography  and  Typewriting 712  50 

Stationary  and  Miscellaneous  Printing     577  83 

Postage         33580 

Messenger  Service 55  43 

Salary  Account 2,40281 

Meeting  Expenses ^ 33221 

Rent  of  Office  and  Auditorium  1,200  co 

Engraving  and  Electrotyping 630  21 

Publishing  Transactions 2,665  66 

Binding  Transactions  and  Periodicals.  33  85 

Paid  for  Badges 20413 

Paid  for  Certificates 19  75 

World's  Fair  Expenses  10  43 

Congress  Book i  ,470  12 

Secretary's  Balance  to  next  year 15  20 

Treasurer's        "       "    *'       **    18628 

Total,  $11,024  96 
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The  outstaadinc  current  bilb  against  the  Institute,  April  30^  amounted  to  ...  $   2511  ^9 

Due  from  members 1847  S8 

Due  from  advertisers  and  others 3<)5  7' 

The  net  gain  in  membership  exceeds  that  of  the  previous  year  by  seven- 
teen. It  will  be  seen,  therefore,  that  while  the  financial  stringency  which 
has  prevailed  during  the  year  has  not  checked  the  growth  of  membership, 
it  has  interfered  with  collections,  and  a  large  proportion  of  the  amount  due 
from  members,  is  on  account  of  lack  of  employment  or  loss  of  business. 
A  fair  proportion  of  this  will,  no  doubt  be  paid,  even  should  the  present 
condition  of  business  continue. 

Respectfully  submitted  for  the  Council, 

RALPH  W.  POPE. 

Secretary. 


AMERICAN  INSTITUTE  OF  ELECTRICAL  ENGINEERS. 

New  York,  May  i8th,  1895. 

treasurer's  report. 
From  May  i,  1884  to  May  i,  1895. 
George  A.  Hamilton,  Treasurer,  in  account  with 

American  Institute  of  Electrical  Engineers. 
Dr, 

Balance  from  May  I.  1894 $       40754 

Received  from  Secreury,  May  1,  1894  to  May  i,  1895 10,60a  n    $11,009  7^ 

Cr, 

Payments  from  May  i,  1894  to  May  i,  1895,  on  warrants  from 

Secretary,  Not.  saa  to  617,  inclasive $  10,833  48 

Balance  to  new  account 186  a8    $11,00976 

Balance  on  band.  General  Fund,  May  1, 1895 186  a& 

BUILDING     FUND. 

Balance  at  per  last  report $        85000 

Interest  accrued  to  May  t,  1895,  3  per  cent.,  to  May  14,  189a 

and  a  per  cent,  thereafter 73  48         $9aa  48 

Cash  book  and  warrants  herewith  for  audit.    Vouchers  are  in  the  hands 
of  the  Secretary,  to  whom  they  are  returned  for  filing  after  payment. 

GEORGE  A.  HAMILTON, 

Treasurer. 
New  York,  May  i8th,  1895. 

The  President  : — The  Secretary  hae  a  minate  to  report  from 
the  Council  relative  to  the  date  of  the  Niagara  meeting. 

Secretary  Pope  : — At  the  meeting  of  Council  this  afternoon 
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it  wa8  decided  to  hold  the  General  Meeting  appointed  to  be  held 
at  Nia^ra  Falls,  on  the  dates  of  June  25th  to  28th  inclusive. 

At  tne  meeting  of  Council  this  afternoon  the  following  assoc- 
iate members  were  elected  : 

Name. 

Andrews,  Wiluam  C 
Beambs,  Clare  F. 
Canfield,  Myron  E. 
Dewar,  John  Thomas 
Gharky,  William  David 

Henderson,  Henry  Banks 
hoobntorbn,  sydney 
Jackson,  Theodore  K^ 
Roller,  Frank  W. 

Simpson,  Alexander  B. 
Wilcox,  Norm  an  T. 
Total,  11. 


Address.  Endorsed  by 

Student  Electrical  Engineering,  Col-    F.  B.  Crocker. 

umbia College ;  residence,  162  Hicks  Max  Osterberg. 

St .  Brooklyn,  N.  Y.  W.  H.  Freedman. 

Electrical  Engineer,  Qen*l  Eleo.  Co.,  C.  P.  Steinmetz. 

Schenectady,  N.  Y. ,  residence,  68   Ernst  J.  Berg. 

W.  ISlst  St.,  N.  Y.  City.  H.  G.  Reist. 

Western  Electric  Co. ;  E.  S.  Keefer. 

residence,  404  W.  44th  St.,  H.  F.  Albright. 

N.  Y.  City.    Geo.  A.  Hamilton. 

Electrical  Expert,  Western  Electric       A.  G.  Inrig. 

Co. ;  residence,  88  Rue  Bouewijns,     F.  R.  Welles. 

Antwerp,  Belgium.  Geo.  B.  Compagnie. 

Sup*t  Underground  Cable  Construe-  Minford  Levis. 

tion  and  Maintenance,  Philadel-  F.  Uhlenhaut,  Jr. 

phia   Traction   Co.;    residence,  E.  G.  Willyoung. 

Windsor  Hotel,  PhUadelphia,  Pa. 
Graduate  Student,  Cornell  University;  Ernest  Merritt. 

residence,  76  E.  Buffalo  St.,  Harris  J.  Ryan. 

Ithaca,  N.  Y.      Fred'k  Bedell. 

Electrical  Expert,  The  Varley  Duplex    R.  Varley,  Jr. 

Magnet  Co. ;  residence,  1617  Avenue   T.  W.  Varley. 

B,  N.  Y.  City.  

Assistant  to  Sup't,  Hyde  Park  Elec. 

Light  and  Power  Co.;  residence,  L.K.Comstock. 

187  56th  St.,  Chicago,  111.  R.  W.  Pope. 

Electrical   Engineer,   with   J.    C.  W.  A.  Anthony. 

Machado,  SHS  Broadway,  N.  Y.;  E.  P.  Thompson. 

residence,    515    Clinton  Avenue,      E.  A.  Merrill. 

Brooklyn,  N.  Y. 
Estimator,  N.  Y.  Electrical  Equip-  Aug.  Koll. 

ment  Co.,  N.  Y.  City;  residence,    E.  A.  Merrill. 

1«5  2nd  Place.  Brooklyn,  N.  Y.      W.  A.  Anthony. 
Manager   and   Electrician,    Seneca    A.  L.  Rohrer. 

Light  and  Power  Co.,  Geo.  F.  Curti^. 

Seneca  Falls,  N.  Y.        A.  G.  Mercer. 


R.  W.  Pope. 
B.  J.  Arnold. 


The  following  associate  members  were  transferred  to  fall  mem- 
bership, their  applications  frnving  been  approved  by  the  Board  of 
Examiners : 

Electrician,  JJecker  Building,  New  York  City. 
Electrical  Engineer,  252  West  85th  St..  New  York 

City. 
President,  Interior  Telephone  Co.,  208  Broadway, 

New  York  City, 
with  Stone  &  Webster,  4  Post  Office  Square,  Boston. 
American  Bell  Telephone,  125  Milk  St.,  Boston. 
General  Manager,  Electrical  Engineer  and  Chemist, 

The  Electric  Storage  Battery  Co.,  Drexel  Building, 

Philadelphia,  Pa. 
Harry  Hartwell  Blades,  General  Superintendent,  The  Detroit  Motor  Co., 

1348  Cass  Avenue,  Detroit,  Mich. 
Total,  7. 


ROMAINI  CaLLENDER, 

J.  Day  Flack, 

F.  R.  COLVIN, 

Russell  Robb, 
V.  M.  Berthold, 
Herbert  Lloyd, 
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The  Secretary  also  read  the  following  communication : 

New  York,  May  aist,  1896. 
To  the  American  Institute  of  Electrical  Engineers  : 

Gentlemen: — At  the  Annual  Meeting  of  the  Institute  held  in  New  York 
City,  May  15th,  1891,  It  was  voted  that  $500.00  from  the  surplus  of  that  year, 
together  with  the  $850.00  constituting  the  Building  Fund  be  invested,  and 
that  Treasurer  George  M.  Phelps  and  Secretary  Ralph  W.  Pope  be  appointed 
Trustees  to  take  charge  of  the  matter. 

This  amount  was  placed  by  the  Trustees  as  a  special  deposit  with  the  Mer- 
cantile Trust  Co.,  and  with  accumulated  interest  now  amounts  to  $922.48,  as 
Appears  in  the  Treasurer's  report. 

By  reason  of  the  death  of  Mr.  Phelps,  there  remains  but  one  trustee,  and  it 
appears  proper,  under  the  circumstances,  that  this  meeting  should  Uke  action 
regarding  the  vacancy. 

Yours  truly, 

Ralph  W.  Pope,  Secretary. 

The  President: — Gentlemen,  what  action  will  you  take  on 
the  recommendation  concerning  the  vacancy  in  the  trnstees 
caused  by  the  death  of  Mr.  Phelps. 

Mr.  Kennelly  : — Mr.  Chairman,  I  move  that  Mr.  George  A. 
Hamilton  be  appointed  trustee. 

[The  motion  was  carried.] 

The  President  • — Will  Professor  Crocker  please  read  the  re- 
port of  the  Committee  on  the  Indexing  of  Electrical  Literature  ? 

Mr.  Hamblet: — Mr.  President,  before  proceeding  with  the 
reading  of  that  report  I  would  suggest  that  the  usual  committee 
be  appointed  for  auditing  the  accounts  of  the  Treasurer  and  Sec- 
retary for  the  past  year. 

The  chair  appointed  Messrs.  Hamblet  and  Petty  as  an  Audit- 
ing Committee. 

Professor  Crocker  : — Mr.  President  and  Gentlemen  :  this  re- 
port was  submitted  to  the  Council  at  its  meeting  this  afternoon 
and  was  referred  by  the  Coancil  to  the  Annual  Meeting  of  the 
Institute,  it  is  a  preliminary  report  of  the  Committee  on  In- 
dexing Electrical  Literature.  It  is  not  final  in  any  sense 
whatever,  and  is  simply  given  for  the  information  of  the  Institute, 
and  will  be  followed  later  by  a  more  full  report. 

Professor  Oocker  then  read  the  following  report : 

PRELIMINARY    REPORT 

Of  the  Committee  on  Indexing   Electrical  Literature  to    the    Council 

OF  the  American  Institute  of  Electrical  Engineers. 

At  the  regular  meeting  of  the  Council  held  December  20th,  1894,  a  Committee 
on  Indexing  Electrical  Literature  was  appointed,  consisting  of  Prof.  G.  D. 
Shepardson,  Prof.  W.  M..Stine,  Mr.  A.  E.  Kennelly,  Mr.  E.  Caldwell,  and  Prof. 
F.  B.  Crocker,  Chairman. 

In  view  of  the  fact  that  it  was  practically  impossible  to  get  all  the  members 
of  the  Committee  together,  a  circular  letter  was  sent  to  each  member,  requesting 
answers  to  certain  questions.  The  questions  and  answers  of  the  five  members 
of  the  Committee  are  given  below. 
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Question  1.  Is  it  advisable  for  the  iNSTirtTTE  to  actually  undertake  the  in- 
dexing  of  electrical  literature  ? 

The  answers  received  substantially  agree  that  while  it  is  not  incumbent 
upon  the  Institute  to  undertake  the  work,  at  the  same  time  it  is  very  desir- 
able,  and  the  Institute  seems  to  be  the  best  if  not  the  only  body  to  carry  on 
the  work  permanently  and  authoritatively.  The  only  question  in  regard  to  the 
Institute's  undertaking  this  matter  is  that  of  ways  and  means,  which  is  con- 
sidered under  question  4. 

Question  2.    Should  the  Index  cover  the  past  or  current  literature  or  both? 

A.  Four  out  of  five  members  were  of  the  belief  that  the  past  literature  is  the 
more  important,  and  should  be  cared  for  first.  The  other  member  thought  it 
advisable  to  attempt  only  current  literature.  The  reason  why  past  literature 
was  considered  more  important  is  that  current  literature  is  fairly  well  covered 
by  several  indexes  now  being  published. 

(For  example  by  the  EUetrieal  World,  Electric  Power,  the  Association  of 
Engineering  Societies  and  the  ForUehritte  der  Elektroteehnik.) 

Question  3.  Should  the  Index  contain  digest  or  notes,  or  merely  titles  of 
references? 

A.  All  five  answers  agreed  that  the  Index  should  contain  brief  notes  as  to 
the  character  or  scope  of  the  article.  « 

This  would  seem  almost  essential,  since  a  single  line  of  description  would 
save  the  looking  up  of  probably  seven-eighths  of  the  possible  references. 

Question  4.  What  means,  particularly  financial,  can  be  devised  to  carry  on 
the  work  of  indexing? 

A.  The  entire  matter,  of  course,  turns  upon  the  answer  to  this  important 
question  and  the  Committee  believes  that  the  expense  will  be  quite  heavy,  and 
probably  much  more  than  the  Institute  could  bear  with  its  present  means. 
Two  members  of  the  Committee  who  are  particularly  qualified  to  estimate  the 
cost  of  this  work  put  the  probable  expense  at  $30,000  and  $16,000  respectively. 
This  includes  the  expense  of  compilation  and  publication  of  a  reasonably  com- 
plete index  up  to  date.  Two  members  of  the  Committee  proposed  raising  the 
dues  five  dollars  or  two  dollars  and  fifty  cents,  respectively,  to  meet  the 
expenses.  The  other  members  doubt  the  propriety  of  this  measure,  as  it  would 
force  many  members  of  the  Institute  to  pay  for  something  which  they  do  not 
require  or  use.  The  alternative  plan  would  be  to  sell  the  Index  by  subscription 
to  libraries  and  individuals,  but  it  is  doubtful  if  the  number  subscribed  for 
would  be  sufficient  to  cover  the  large  expense  which  the  work  would  involve. 
The  subscription,  however,  might  be  supplemented  by  the  Institute  bearing  a 
certain  amount  of  the  expense,  or  by  the  cooperation  of  other  societies  in 
this  country  or  abroad,  or  even  by  governmental  aid — the  United  States  Patent 
Office  or  the  Smithsonian  Institution.  For  instance,  one  member  suggested  that 
considerable  expense  might  be  saved  by  assigning  a  portion  of  the  work  to  com- 
petent volunteers ;  for  example,  the  indexing  of  a  certain  periodical  could  be 
assigned  to  an  individual  or  an  electrical  school,  without  taxing  their  time  very 
heavily,  and  it  is  probable  that  quite  a  fraction  of  the  work  could  be  done  in 
this  way.  All  the  members  of  the  Committee  believe  that  an  editor  and  two  or 
three  assistants  would  have  to  give  their  entire  time  to  this  work  to  make  it  suc- 
cessful— in  fact,  the  salaries  of  these  men  would  be  the  chief  item  of  expense, 
since  it  is  estimated  by  three  members  of  the  Committee  that  from  three  to 
four  years  would  be  required  for  the  work. 
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Thus  it  will  be  seen  that  the  problem  resolves  itself  into  a  simple  question  of 
sufficient  means  to  carry  on  the  work.  From  all  other  points  of  view,  it  seems 
to  be  the  unanimous  opinion  of  the  Committee,  and  of  others  with  whom  it 
has  consulted,  that  an  index  of  electrical  literature  is  very  desirable  and  could 
be  successfully  and  permanently  carried  on.  Its  value  at  the  present  time 
would  be  very  great  and  in  years  to  come  it  would  be  of  incalculable  benefit  to 
to  the  electrical  profession. 

This  report  is  merely  given  for  the  information  of  the  Institutb  since  your 
Committee  does  not  consider  that  the  time  has  arrived  to  formulate  or  propose 
definite  recommendations  in  this  matter.  The  Committee  prefers  to  wait  for 
further  consideration  of  the  question  and  would  gladly  welcome  any  sugges- 
tions from  the  members  of  the  Institute. 

F.  B.  Cbockbb,  Chairman. 

The  President: — The  committee  has  asked  for  suggestions 
on  the  part  of  the  Institute.  Those  suggestions  are  now  in 
order.    1  understand  that  this  is  only  a  preliminary  report. 

Peof.  Crocker: — Yes,  sir.  It  isproposedj  if  possible,  to  hold 
a  committee  meeting  at  Niagara  Falls,  where  we  hope  to  get  all 
the  members  together.  It  will  be  an  opportunity  that  has  not 
occurred  so  far,  and  is  not  likely  to  occur  again,  and  we  mapr  be 
able  as  the  result  of  such  a  meeting  to  formulate  some  definite 
plan. 

The  President  : — If  the  Institute  can  see  its  way,  financiallv, 
to  undertake  work  of  this  kind,  it  will  certainly  be  greatly 
to  the  benefit  of  our  particular  study — electricity.  It  has  oc- 
curred to  me  that  it  might  be  possible  to  get  the  iSnglish  society, 
the  Institution  of  Electrical  Engineers,  to  join  with  us  in  the 
expense ;  or,  a  suggestion  which  the  chairman  of  the  committ.ee 
threw  out,  might  be  utilized,  not  so  much  in  the  wapr  of  getting 
an  appropriation  from  the  government  for  carrying  out  this 
diflScult  work,  but  in  the  way  of  obtaining  the  aid  of  some 
army  or  naval  officers.  I  remember  that  the  indexing  of  the 
very  extensive  Journal  of  the  Franklin  Institute  was  largely 
done  by  a  government  officer,  who  was  detailed  by  the  United 
States  government  for  the  purpose.  This  is  work  tnat  a  skilled, 
educated  man  can  do  thorougnly,  particularly  if  he  be  not  hur- 
ried. I  think  it  is  quite  possible  that  many  an  army  or  a 
navy  man  might  be  auite  pleased  to  undertake  work  of  this  kind. 
The  committee  would  receive  any  recommendations  from  the 
members  of  the  Institute.  If  there  are  none,  we  will  pass  on 
to  the  next  matter  on  the  programme. 
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[After  the  discussion  of  Prof.  Anthony's  paper  (see  page  193), 
the  business  of  the  annual  meeting  proceeded  as  follows :] 

The  President: — Are  the  auditors  ready  to  report? 

Mb.  Hamblet: — ^I  would  say  that  the  committee  find  the 
&<nres  of  the  reports  of  the  Secretary  and  Treasurer  correct. 
We  have  endorsed  the  Treasurer's  book  in  regular  form,  but  will 
prepare  the  re^lar  report  and  place  it  on  file. 

On  motion  the  report  was  accepted. 

The  President  appointed  Dr.  Cary  T.  Hutchinson  and  Mr.  W. 
J.  Hammer  to  assist  in  counting  the  ballots,  and  a  recess  was 
taken,  subject  to  the  call  of  the  chair. 


At  11.50  p.  M.,  Vice-President  Hamblet  called  the  meeting  to 
order,  when  the  following  report  was  submitted  by  the  teflers 
Douglass  Burnett  and  C.  0.  Maillonx  and  their  assistants,  W.  J. 
Hammer  and  C.  T.  Hutchinson. 


Tellers'  Report. 


Total  Votes  Cast 392. 

FOR  PRESIDENT. 


Louis  Duncan 884 

F.B.Crocker 24 

B.  Thomson 8 

A.  E.  Kennelly 8 

E.  L.  Nichols 6 

C.E.Emery 2 

T.D.  Lockwood 2 

W.  A.  Anthony 1 

Total 


T.  A.  Edison 

H.  Ward  Leonard. 
F.  A.  Pickemell . . 

Nikola  Tesla 

C.  P.  Steinroetz  . . . 
Joseph  Wetzler  . . 
Blank 


FOR  VICE-PRESIDENTS. 


A.  S.  Hibbard 843 

M.  I.  Pupin ..838 

W.  F.  C.  Hasson 307 

C.  P.  Steinmetz . .  36 

H.  J.  Ryan 21 

A.  E.  Kennelly 19 

E.  L.  Nichols 11 

Alfreds.  Brown 9 

F.  A.  Pickemell 8 

W.J.  Hammer    7 

C.  0.  Mailloux 7 

W.  M.  Stine 6 

D.  C.  Jackson 5 

L.  B.  Stillwell 5 

G.  A.  Hamilton 4 

T.  D.  Lockwood 4 

O.F.  Scott 4 

O.B.  Shallenberger 4 

W.  D.  Weaver 4 

Gilbert  Wilkes 8 


C.  R.  Cross 8 

F.  W.  Jones 8 

E.  W.  Rice,  Jr 8 

A.  L.  Rohrer : 8 

Samuel  Sheldon 8 

A.  J.  Wurts 8 

W.  S.  Barstow 2 

T.  C.  Martin 2 

Jos.  Wetzler 2 

W.  A.  Anthony 

Frederick  Bedell 

Louis  Bell 

0.  T.Crosby 

Louis  Duncan 

C.E.Emery 

H.  A.  Foster 

F.  L.  Pope 

G.  D.  Shepardson  

J.G.  White 
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FOR  MANAGERS. 


C.  F.  Scott 828 

B.  J.  Arnold 822 

CarlHering 322 

C.  T.  Hutchinson 292 

H.  A.  Foster 32 

T.  C.  Martin 31 

Samuel  Sheldon 31 

F.  A.  Pickemell 21 

LouisBell :..  17 

F.Bedell 15 

Wm.  Stanley 15 

R.  H.  Pierce 18 

A.V.Abbott 10 

G.  S.  Dunn 8 

H.  V.  Hayes 8 

D.  C.Jackson 8 

C.  0.  Mailloux 7 

Jas.  I.  Ayer 5 

0.  C.  Haskins 5 

J.  W.  Lieb,  Jr 5 

Jos.  Wetzler 5 

F.  B.  Crocker 4 

S.  D.  Greene... 4 

R.  0.  Heinrich 4 

P.  Lanee 4 

A.  L.  Kohrer 4 

W.A.Anthony 3 

Albert  Schmid 3 


J.  J.  Carty 2 

C.  L.  Clarke 2 

Alex.  Macfarlane 2 

Wra.  Maver,  Jr 2 

E.  W.  Rice,  Jr % 

H.  A.  Rowland 2 

W.  S.  Barstow 

P.  Benjamin 

E.  Caldwell 

C.  Cuttriss 

F.  DeLand 

W.  B.  Geyer 

CD.  Haskins 

E.  J.  Houston 

J.  W.  Lattig 

H.  Ward  L^nard 

Aug.  Noll 

H.  F.  Parshall 

F.  L.  Pope 

L.  Stieringer 

W.M.Stine 

L.  B.  Stillwell     

lieonard  Waldo 

W.  D.  Weaver 

J.  G.  White 

A.J.  Wurts 

Townsend  Wolcott 


FOR  TREASURER. 


George  M.  Phelps 227 

George  A.  Hamilton 129 

W.JT  Hammer 16 

F.B.Crocker 10 

Total 


W.  D.  Weaver 4 

Joseph  Wetzler % 

T.  C.  Martin 1 


.389 


(Signed), 


New  York,  May  2l8t.  1895. 


Douglass  Burnett, 
C.  0.  Mailloux, 

Tellers. 


On  motion  %i  Mr.  Mailloux,  it  was  voted  that  the  ballots  cast 
for  Mr.  Phelps  be  declared  void,  and  that  the  plurality  of 
the  remaining  votes  be  accepted  as  determining  the  choice  for 
Treasurer. 

The  chair  then  announced  the  election  of  the  officers  named  in 
the  report  having  the  greatest  numl)er  of  votes,  including  George 
A.  Hamilton,  Treasurer. 

[Adjourned.] 
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AMERICAN  INSTITUTE  OF  ELECTRICAL 
ENGINEERS. 


Twelfth  General  Meeting. 


Niagara  Falls,  N.  Y.,  June  25,  26,  27  and  28,  1895. 

The  opening  session  of  the  twelfth  General  Meeting  of  the 
Institute  was  called  to  order  by  the  Secretary  at  the  Cataract 
House,  Niagara  Falls,  on  Tuesday  June  25th,  at  i0.15  a.  m.  Two 
hundred  and  live  meinbei^s  and  guests  were  in  attendance. 

The  Secretary  announced  that  it  had  been  the  intention  of 
Past-President  Houston  to  attend  the  meeting,  but  he  had  been 
unexpectedly  detained. 

He  then  introduced  the  President-elect,  Dr.  Louis  Duncan,  of 
Baltimore,  who  on  taking  the  Chair  was  greeted  with  a  hearty 
round  of  applause. 

President  Duncan  then  introduced  Hon.  O.  W.  Cutler,  Mayor 
of  Nia^ra  Falls,  who  addressed  the  Institute  as  follows : 

Mr.  President  and  Gentlemen  of  the  American  Institute  of 
Electrical  Engineers  : — In  behalf  of  the  City  of  Niagara  Falls, 
I  extend  to  you  a  hearty  and  cordial  welcome  within  our  gates 
at  this  time.  We  have  anticipated  your  coming  with  a  great 
deal  of  pleasure  and  interest,  believing  as  we  do  that  it  is  fraught 
with  great  benetits  to  our  city.  You  are  doubtless  all  aware  of 
the  progress  that  has  been  made  in  the  development  of  our  un- 
rivalled power,  and  of  the  proposed  transmission  and  application 
of  it  by  means  of  electricity,  for  which  we  are  so  largely  indebted 
to  your  profession.  I  venture  to  say  that  you  will  see  much  in 
the  line  of  your  vocation  to  interest  you  while  here,  in  visiting 
and  inspecting  our  various  enterprises,  which,  as  I  have  already 
intimated,  are  of  deep  interest  to  the  world  at  large,  as  well  as  of 
great  importance  to  the  material  interests  of  our  own  locality.  I 
trust  that  your  stay  here  will  be  as  pleasant  as  it  will  be  interesting. 

Again  1  welcome  vou  and  take  pleasure  in  extending  to  you 
the  n-eedom  of  our  famous  and  romantic  city.     (Applause.) 

President  Duncan  then  presented  Mr.  Walter  E.  Harrington, 
of  Camden,  N.  J.,  who  read  the  following  paper  : 

225 

Digitized  by  VjOOQIC 


A  pnf>er  prfsmtetl  nt  thf  Tnurt/th  CtH.ral  Meeting 
of  the  Atnf^iran  InstituU  0/  EUctrieal  Engi- 
neers^ Niagara  FalU^  N.  V.  June  2Sth^  iSetS- 
President  Duncan  in  the  Chair, 


PROPERTIES  OF  FUSE  METALS  WHEIf  SUBJECTED 
TO  SHORT  CIRCUITS. 


BY  WALTER  E.  HARRINGTON. 

In  the  Transactions  of  the  Institute,  May  1893,  page  251  is 
a  paper  by  Charles  P.  Matthews,  "  On  the  Behavior  of  Fuse 
Metals  in  Direct  and  Alternate  Current  Circuits."  The  paper 
deals  quite  exhaustively  with  the  law  established  by  Preece,  Prof. 
Forbes  and  others,  l)earing  on  the  relation  existing  between  the 
diameter  of  fuse  metals  and  the  minimum  currents  required  to 
fuse  the  metals,  when  sufficient  time  elapses  for  the  fusion  to 
occur. 

The  law  as  enunciated  is  C  =  a  «?'  wherein 
C  =  Current  in  amperes, 
d  =  Diameter  of  wire  in  inches, 
a  =  Constant  depending  on  the  metal. 
The  law  is  not  rigorously  true  but  can  be  depended  upon  very 
closely,  particularly  in  the  smaller  diameters.     In  the  larger  dia- 
meters the  law  certainly  does  not  hold  true,  as  has  been  shown 
by  different  observers. 

To  be  true  and  express  the  real  relation,  the  constant  a  should 
be  expressed  as  a  function  of  d\  and  as  far  as  my  observation  has  . 
led  me,  I  think  a\&K  linear  function  of  d.  It  is  not  the  purpose 
of  the  writer  to  elaborate  on  the  various  factors  entering  into  the 
causes  underlying  the  variability  of  fuse  metals.  The  ground  has 
been  pretty  thoroughly  covered.  * 

1.  '*  Safety  fuses  versus  Magnetic  Cut-outs,"  by  W.  E.  Harrington,  EUctrieal 
World,  April  29th,  1893,  vol.  xxi.  No.  17. 

Paper  read  before  American  Street  Railwav  Association,  Milwaukee,  October 
1893.     •*  Street  Car  Magnetic  Cut-outs,"  by  W.  E.  Harrington. 
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On  page  261  of  Mr.  Matthews'  paper  it  is  briefly  mentioned  that 
fnse  metals  rarely  fuse  in  practice,  under  the  conditions  that  the 
law  as  obtained  demand. 

Mr.  Preece  on  short  circuit  tests  made  by  him  writes  in  a  very 
vague  manner  covering  the  results  as  obtained. 

In  the  course  of  his  professional  work  the  writer  has  frequently 
had  occasion  to  desire  to  know  what  current  would  flow  through 
fuse  metals  on  5oO-volt  short-circuit  work.  There  being  abso- 
lutely no  literature  on  the  subject,  and  the  data  to  be  obtained 
only  by  experiment,  led  to  the  following  series  of  tests : 

The  tests  were  conducted  in  the  power  statiop  of  the  Camden 
Horse  R.  R.  Co.,  Camden,  N.  J.,  during  August,  1894. 

The  testing  room  was  about  30  feet  away  from  the  'bus  bars  of 
the  main  station  switchboard.  No.  2  b.  and  s.  gauge  copper 
wires  led  from  the  'bus  bars  to  the  testing  table.  At  the  switch- 
board the  two  leads  were  connected,  one  to  the  ground  'bus  bar 
direct,  the  other  through  a  lOOampere  knife-blade  switch  to  the 
trolley  side  of  a  Westinghouse  magnetic  circuit  breaker,  whose 
range  of  adjustment  was  from  250  amperes  to  500  amperes  in  50- 
ampere  steps.  In  the  testing  room  the  wires  were  arranged  dia- 
gramatically,  as  show  in  Fig.  1. 

A,  was  a  special  fuse  block  whose  terminals  were  protected  by 
oil,  leaving  Z"  of  fuse  in  the  atmosphere. 

B,  fuse  metal  whose  fusing  current  on  short-circuit  was  to  be 
determined. 

Paper  read  before  the  National  Electric  Light  Association  at  its  17th  Conven- 
vention,  Washington.  D.  C.  Feb.  27,  18W.  **  Faults  Incident  to  the  Protection 
of  Lighting  and  Power  Circuits,"  by  L.  T.  Stanley  and  W.  B.  Harrington. 

Discussion  of  Mr.  C.  P.  Matthews'  paper  *'  On  the  Behavior  of  Fuse  Metals 
in  Direct  and  Alternate  Current  Circuits."  —  Transactions  A.  L  E.  E.,  vol. 
X,  page  266. 

Catalogue  of  the  Shawmut  Fuse  Wire  Co.,  161  High  Street,  Boston. 

'*  Copper  Fuses."  Letter  by  B.  S.  Lanphear  to  the  Electrical  World,  Jan,  19th, 
18»5.  vol.  XXV.  No.  8. 

Editorial  Columns  of  the  Electrical  Engineer,  Sept.  16,  1891,  regarding  the 
irreliability  of  fuses  in  alternating  current  work. 

Proc.  /fey.  Soc.  Dec.  22,  1887,  Article  on  fusing  currents  and  giving  con- 
stants for  different  metals  for  Law    C  =  ad*  has  the  following  values : — 

Copper «  =  ioa44 

Alumtoium «=  7585 

Platinum «=  5«7a 

German  Silver     «  =  S'So 

PUtiQoid a=  4750 

Iron  tf=  3*48 

Tm «  =  14^ 

AUov  (Tin  I,  Leada) «=  13*8 

Lead «  =  X379 

**  Fuse  results  were  determined  by  using  six-inch  lenjOfths  of  wire." 
**  On  the  HeatinjBr  Effects  of  Electric  Currents,"  by  W.  H.  Preece.  Proc.  Roy. 
Soc.    April  3rd,  1884. 
Reports  British  Association,  1882.     Paper  by  Prof.  Forbes. 


Digitized  by 


Google 


228 


HARRINGTON  ON  FUSE  METALS. 


[Juue  25, 


c,  a  0-8  magnetic  circuit  breaker  carefully  calibrated  through- 
out its  range,  not  only  for  its  adjustment,  but  also  as  well  for  7, 
14,  20,  30  and  40-tum  coils.  A  Weston  standardized  ammeter 
was  employed  during  calibration.  Since  the  construction  of  the 
c-8  magnetic  circuit  breaker  is  such  that  the  adjustment  depends 
only  on  weight  and  distance,  the  circuit  breaker  does  not  vary 
after  use. 

D,  a  lOOarapere  knife-blade  switch. 


Fig.  1. 


The  fuse  metals  tested  were  placed  in  fuse  block  a  and  switch 
D  thrown.  This  was  repeated  with  the  same  size  fuse  metal  a 
suflScient  number  of  times  to  find  the  adjustment  of  the  c  s  mag- 
netic circuit  breaker  which  the  current  flowing  would  not  open, 
also  the  adjustment  at  which  the  current  flowing  would  open. 
The  current  which  actually  flowed  would  be  somewhere  between 
the  two  indications  as  obtained.  The  accompanying  tables  give 
the  mean  of  the  two  readings.  The  tests  were  made  during  the 
middle  of   the  day  when  the  loads  were  light  on    the  power 
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station.  A  200  k. w.,  o.e.  4-pole,  and  a  1 00  K.w.-Edison  bipolar  ^n- 
erator  were  running  during  the  obtaining  of  the  following  data. 

The  sizes  of  fuse  wires  employed  was  such  that  the  current 
flowing  through  them  would  not  exceed  500  amperes,  this  be- 
ing determined  by  the  adjustment  of  the  Westinghouse  mag- 
netic circuit  breaker  referred  to  before. 

In  the  following  tables  the  first  column  gives  the  size  of  wire 
in  B.  &  8.  gauge ;  the  second  column  gives  the  circular  mile. 

The  third  column  gives  the  mean  of  determinations  as  shown 
by  the  indications  of  the  c-s  magnetic  circuit  breaker. 

The  fourth  column  gives  the  constant  B  entering  into  the  for- 
mula C  =  B  (P^  where 

C  =  current  in  amperes  passing  through  the  fuse  metal  on  a 
short-circuit. 

d  =  diameter  of  fuse  metal  in  inches. 

B  =  constant  depending  on  metal  and  voltage  of  circuit 
short-circuit  is  made  on. 

The  writer  noticed  that  the  values  as  obtained  in  the  tests  when 
compared  with  the  circular  mils  of  the  wires  tested  showed  a 
very  close  proportionality,  showing  that  the  fusing  currents  on 
short-circuits  followed  the  law  of  the  square  times  a  constant. 

Table  I. 

COPPER. 


B.  Sl  S.  Siic 

^«  C.  M. 

S.  C.  Amp*. 

B 

Gauge. 

30 

lOD 

3^ 

380,000 

:i 

136 

n 

350*000 

»59 

390,000 

27 

aoi 

80 

398.000 

26 

254 

116 

456,000 

25 

320 

140 

437.000 

24 

404 

725 

556,000 

23 

509 

300 

•»» 

64a 

370 

576.000 

Table  I  is  for  copper.  While  the  constants  B  vary,  especially 
as  the  sizes  of  the  wire  become  larger,  this  variation  is  probably 
due  to  possible  changes  of  conditions,  such  as  differences  of  diam- 
eter, length  of  fuse  metal,  loads  on  the  generators  at  the  time 
tests  were  made  and  heating  of  the  leading  wires  as  the  tests 
were  being  made.  By  averaging  B  the  law  for  copper  wires  on 
600- volt  short  circuits  could  be  stated  to  be  : 
C  =  460,000  d\ 


Digitized  by 


Google 


230 


HARRINQTON  ON  FUSE  METALS. 


[Juue  25, 


or,  expressed  directly  in  terms  of  circular  mils,  the  current  which 
will  flow  in  copper  wires  on  500-volt  short-circuit  will  be : 

C.H. 


C^ 


T9"' 


where 


C        =  current  in  amperes, 
C,  M.  =  circular  mils. 

Table  1 1. 
aluminium  wire. 


Size  B.  &  S. 
Gauge. 

CM. 

.S.  C.  Ampere*. 

B 

24 

31 

20 

404 
810 
102 1 

aoo 
290 

325 

500,000 
358,000 
318,000 

For  aluminium  the  law  for  SoOvoIt  short-circuit  currents 
would  be : 

C  =  3!t2,00n  d\ 

^_   CM. 

There  was  one  very  pronounced  pecuh'arity  in  the  action  of 
aluminium  during  the  short-circuits  ;  the  metal  seemed  to  burn 
longer  and  pieces  of  metal  would  come  down  after  the  explosion, 
still  burning. 

Table  III. 

STOCK   (lead   and   TIN)    FUSE   WIRE. 


Size   B.  A  S. 
Gauge. 

Rating  Fuse 
Wire  Amperes. 

C.  M.  i/a- 

S.  C.  Amperes 

B 

34 

z 

4C4 

50 

125,000 

2Z 

3 

8to 

>«5 

i56,oco 

»9 

5 

125a 

»io 

106,000 

»7 

7 

2048 

230 

118,000 

»5 

10 

3256 

290 

86.000 

For  fuse  metal  (ordinary  commercial  lead  and  tin  alloy)  the 
law  for  500-volt  short-circuit  currents  would  be: 

C=  118,000  (?■•'. 
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The  dense  heavy  suffocating  smoke  attending  tlie  short-circuit- 
ing of  lead  and  tin  fuse  metals  was  very  pronounced  and  dis- 
agreeable. 

Copper  gave  the  best  result  as  regard  (juantity  of  current  per 
cross  section  of  metal.     This  is  shown  in  the  formula  for  copper 

^  _  a  M. 
"-  "•  "To"- 

where  compared  to  the  other  metals  the  current  per  circular  mil 
is  a  maximum,  and  that  the  amount  of  metal  to  disintegrate  for  a 
given  current  would  be  a  minimum.  In  all  the  tests  the  behavior 
of  the  copper  short-circuits  were  noticeably  short  and  attended 
with  a  loud  explosive  report,  with  but  little  comparative  flash. 

One  phenomana  was  noticeable  when  a  cold  surface,  such  as  . 
glass,  was  placed  in  the  immediate  path  of  the  discharge ;  a  iinely 
deposited  surface  of  light  copper  would  present  itself.  This  was 
unquestionably  a  case  of  condensation  of  the  copper  gases.  While 
it  may  be  argued  that  the  law  as  enunciated  by  the  writer,  cov- 
ering 500-volt  short-circuit  currents  through  fuse  metals  may  not 
l)e  rigorously  true,  still  it  certainly  is  as  true  relatively,  as  that  of 
the  law  enunciated  by  Preece,  covering  the  relation  between 
minimum  fusing  currents  and  diameters  of  fuse  metals. 

In  the  use  of  the  law  for  practical  work  where  fuses  had  to  be 
employed  for  cases  beyond  the  values  as  determined  by  test,  the 
values  as  obtained  by  extrapolation  in  every  instance  fulfilled  the 
requirements,  demonstrating  the  practical  correctness  of  the  law. 

A  few  cases  are  cited  wherein  a  knowledge  of  the  law 
would  be  of  practical  value.  Take  railway  work,  elevator 
work,  in  fact,  any  case  of  varying  power  transmission,  where  if 
fuse  metals  are  employed,  the  size  of  the  fuse  metal  is  gov- 
erned not  so  much  by  the  normal  safe  carrying  capacity  of  the  ap- 
paratus to  be  protected,  as  it  is  by  the  expected  normal  jumps  of 
current  the  apparatus  is  designed  for,  and  expected  at  times  to 
carry.  The  standard  18  to  20-foot  street  railway  eiiuipments 
consisting  of,  say,  two  No.  3  or  No.  14  Westinghou?e  motors,  are 
usually  protected  by  a  piece  of  No.  14  b.  a  s.  gauge  copper  wire 
which  will  normally  fuse  under  a  minimum  current  of  approxi- 
mately 168  amperes— according  to  Preece's  law — whei^eas  under 
a  500-volt  short-circuit,  if  not  prevented  by  some  foreign  means, 
such  as  feeder  magnetic,  or  generator  magnetic  circuit  breakers, 
a  flow  of  approximately  2,003  amperes  will  ensue.  Take  as  an- 
other illustration  the  lead  and  the  tin  alloy  fuses  employed  by 
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the  General  Electric  Company  for  their  «.  k.  800  equipments  and 
rated  to  fuse  on  100  amperes,  will  on  a  500-volt  short-circuit  allow 
A  flow  of  3600  amperes  for  approximately  .01  of  a  second,  if  not 
prevented  by  the  opening  of  the  power  station  magnetic  cir- 
cuit breaker.  Further,  with  this  latter  type  of  fuse  metal,  the 
quantity  of  metal  to  disintegrate  is  so  much  greater,  that  usually 
more  harm  is  done  owing  to  the  vicious  character  of  the  gas  as 
regards  conductivity,  this  usually  establishing  other  grounds. 

Table  IV. 

LAW. 


1 

Prbbcc. 

Harkington. 

B.  &  S.  Gauge 
Copper. 

Circular  Mils. 

1 

'i 

Regular   Amperes    , 

Amperes  Short 

Rating. 

Circuit. 

30 

100.5 

ti 

39 

29 

ia6.7 

13 

44 

1                  a8 

•59  7 

•454 

62 

27 

aoi.5 

»7 

80 

1            .       »6 

2540 

20                             , 

ti8 

»5 

3204 

34 

140 

24 

4040 

29 

''§ 

»3 

509.4 

34 

398 

1                   aa 

64».7 

4« 

340 

ai 

8x0.1 

48 

4C5 

1                   »o 

X021.5 

«6 

5to 

10 

ia5a.4 

67 

635 

18 

1634.3 

8i 

813 

\l 

3048.3 
3583.9 

98 
i«5               •    1 

X034 
1391 

>5 

ni**;? 

140 

1635 

14 

168 

3053 
3589 

»3 

51784 

»Q5 

la 

6539.9 

2^5 

3*64 

11 

83340 
10381.0 

280 

41  7 

10 

5V> 

5190 

1 

13094.0 

395 

6547 

js^i.'o 

470 

8000 

7 

560 

lOOCO 

6 

36250.0 

670 

13000 

5 

33103.0 

790 

16000 

4 

41749.0 

950 

90000 

At  this  pohit  it  is  pertinent  to  refer  to  a  phenomena  accompany- 
ing the  **  blowing  "  of  a  fuse  on  a  500-volt  short-circuit ;  that  is, 
the  destructive  arcing  following  the  disintegration  of  the  fuse, 
maintained,  of  course,  at  the  expense  of  the  terminals.  In  the 
determination  of  tlie  law  C  =  B  (P  tlie  after-arcing,  was  elimi- 
nated by  using  a  protected  terminal  fuse  block. 

In  a  pa|)er  entitled  "  The  Destructive  Arcing  of  500- Volt 
Fuses"  read  before  the  American  Street  Railway  Association  at 
Atlanta.  Ga.,  October,  1894,  by  the  writer,  this  matter  is  elabor- 
ated upon,  and  in  brief  shows  tliat  the  result?  due  to  arcing,  fol- 
lowing the  blowing  of  a  fuse,  may  under  short-circuit  conditions 
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be  far  worse  than  even  the  results  attendant  upon  the  passage  of 
such  momentarily  great  currents. 

In  Table  IV,  column  1  gives  the  size  in  b.  &  s.  gauge  of  the 
capper  wires;  column  2  gives  the  circular  mils ;  cahiran  3  gives 
the  minimum  fusing  current  as  determined  by  Preece's  law, 
C  =  10244  d  f,  and  column  4  gives  the  fusing  curi-ents  on  500- 
volt  short-circuits  as  determined  by  the  law,  C  =  470,000  rf*, 
enunciated  by  the  writer.  Fig.  2  graphically  illustrates  the  pro- 
nounced dbparity  of  the  two  laws,  showing  the  curves  of  currents 
for  diameters :  Curve  a  for  Preece's  law,  and  curve  b  for  the 
law  as  discovered  by  the  writer.  The  natural  conclusion  arising 
from  a  knowledge  of  the  above  data  is  that  fuse  metals  are  under 
no  circumstances  to  be  considered  in  the  light  or  nature  of  a 
protection. 

Discussion. 

Dr.  Leonard  Waldo  : — There  is  one  matter  that  might  be 
commented  upon  here.  Aluminium  is  coming  to  play  a  more 
and  more  important  part  in  electrical  work,  and  a  word  of  ca^ition 
ought  to  be  uttered  in  regard  to  the  accurate  use  of  the  term.  If 
you  take  a  table  such  as  given  here,  it  is  of  great  importance  to 
know  just  exactly  what  that  aluminium  is.  Assume  that  it  is 
commercial  aluminium  and  has  a  purity  of  S^S  per  cent.,  and  that 
the  balance  of  the  ingredients  are  iron  and  silicon,  which  they 
probably  are,  and*  have  a  resistance  about  three  times  as  great  as 
that  of  pure  aluminium  under  the  same  conditions,  while  the 
melting  point  is  only  slightly  increased.  You  have,  therefore, 
in  questions  of  fuses,  a  very  marked  change  in  the  relations  of 
your  aluminium.  And  aluminium  wire  that  is  sold  is  very  often 
strengthened  by  the  addition  of  small  percentages  of  copper  or 
nickel,  or  some  of  the  other  metals  which  are  used  to  give 
strength  to  pure  aluminium,  and  those  wires  pass  also  in  the  mar- 
ket under  the  term  ^^  aluminium  "  wire.  I  oner  this  comment  as 
a  caution  in  the  use  of  the  term  "aluminium,"  and  the  use  of 
aluminium  wire  under  such  conditions.  If  Mr.  Harrington  could 
furnish  an  analysis,  or  in  some  way  define  the  term  "  aluminium 
wire,"  it  would  take  its  place  then  in  terms  with  copper,  which 
is  pretty  well  understood,  and  with  commercial  lead  and  tin ; 
but  even  in  the  case  of  lead  and  tin  it  would  be  well  to  indicate 
the  brands,  because  they  vary  quite  a  good  deal ;  and  in  all  ques- 
tions of  resistance,  the  purity  of  the  metal  is  of  the  first  conse- 
quence . 

Mr.  Charles  P.  Steinmetz  : — In  listening  to  this  paper  I  must 
confess  that  I  have  not  quite  understood  what  the  writer  intends 
to  prove,  and,  therefore,  I  beg  to  be  corrected  if  I  am  mistaken 
in  my  conclusions.     But  as  I  understand  it,  the  writer  connected 
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funes  of  various  diameters  and  of  various  metals  into  a  500-volt 
circuit,  closed  the  circuit  through  the  fuses,  and  observed  by 
means  of  a  magnetic  circuit  breaker  the  maximum  current  which 
would  flow  through  the  fuse  at  the  moment  of  closure  of  the 
circuit,  before  the  fuse  is  blown. 

Assuming  even  that  the  magnetic  circuit  breaker  is  a  suitable 
means  by  which  to  determine  instantaneous  flow  of  current — 
which  it  is  not,  because  the  magnetic  circuit  breaker  is  like  the 
fuse,  an  integrating  apparatus,  reacting  u|>on  the  total  amount  of 
power  passing  through,  and  thus  allowing  a  much  larger  current 
to  pass  for  a  very  short  time — assuming;  even  this,  then  what  do 
we  have  in  reality  ?  We  have  a  500-volt  circuit  closed  by  a  fuse, 
and  also  by  the  leads  which,  compared  with  the  fuse,  may  or 
may  not  be  of  negligible  resistance.  In  such  a  circuit,  as  in  any 
other  circuit,  the  current  flowing  is  equal  to  the  e.  m.  f.  divided 
by  the  resistance,  and  what  the  writer  has  observed  is  merely 
Ohm's  law. 

In  consequence  thereof,  if  the  cross-section  of  the  fuse  is  half 
as  large,  and  the  leads  negligible,  the  resistance  is  twice  as  high, 
and  thus  the  current  half  as  large,  and  if  a  different  metal  of 
higher  resistance  is  used,  the  current  will  be  different  also.  But 
the  'constants  derived  in  this  way  do  not  mean  anything  what- 
ever. If,  for  instance,  the  writer  had  happened  to  use  ftises  of 
twice  the  length,  all  the  currents,  and  thus  all  the  constants  given 
in  thepap^r,  would  have-been*^entirely  different.  So  I  do  not 
see  how  any  conclusions  can  be  drawn  from  this  investigation. 
It  merely  dfemonstrates  Ohm's  law,  and  that,  we  all  knew  before, 
holds  true. 

Another  incidental  remark  1  may  make  as  to  the  proposition 
that  a  copper  fuse  is  superior  to  any  other  fuse.  This  statement, 
I  think,  is  based  on  a  misunderstanding  of  the  object  of  the  fuse. 
A  fuse  is  not  in  circuit  only  to  open  the  circuit  at  a  dead  short- 
circuit.  It  is  not  even  the  best  means  for  this.  A  magnetic 
circuit  breaker,  or  any  other  circuit  breaker,  is  far  suj)enor  to 
guard  against  short-circuits,  because  fuses  will  not  always  open 
on  dead  short-circuit  with  unlimited  power  behind.  The  object 
of  a  fuse  is  to  open  the  circuit,  if  the  loads  exceeds  the  carrying 
capacity  of  the  lines,  or  the  rated  load.  In  this  case,  where  the 
fuse  is  used  in  its  proper  place  to  guard  against  excessive  load  by 
cutting  out  the  circuit  at,  say,  50  per  cent  over-ioad,  the  com- 
parison between  copper  and  lead  fuses  leads  to  quite  different 
conclusions.  *Neither  of  these  fuses  will  blow  with  such  an  ex- 
plosion as  on  dead  short-circuit.  Both  will  be  perfectly  safe  to 
open  the  circuit,  but  as  soon  aB the  Ibad' approaches  fusmg  point, 
the  copper  fuse  will  be  red  hot,  due  to  the  high  melting  point  of 
the  copper,  and  thus  liable  to  ignite  dust  or  other  combustible 
material,  and  set  the  building  on  Are.  Thus  the  lead  fuse  is 
preferred  to  the  copper  fuse,  not  because  it  l)ehaves  better  under 
a  dead  short-circuit,  but  because  it  opens  the  circuit  and  blows  a 
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a  temperature  below  that  which  will  ignite  combustible  material, 
and  for  this  reason  copper  or  any  other  metal  with  a  high  melt- 
ing point  is  absolutely  unsuitable  for  fuses,  except  in  particular 
instances  where  the  conditions  are  such  that  it  can  ignite  nothing. 

Dr.  F.  B.  Crocker  : — I  had  taken  somewhat  the  same  view  of 
this  subject  that  Mr.  Stein metz  has  given,  only  in  a  different 
way.  It  strikes  me,  as  Mr.  Steinmetz  says,  tliat  this  is  simply  an 
investigation  of  the  maximum  current  reached  under  certain  con- 
ditions, and  it  is  not  exactly  what  the  author  intended  it  to  be. 
Any  fuse  would  carry  an  infinite  current  for  an  infinitesimal 
period  of  time,  or,  to  put  it  a  little  more  practicalh%  it  would 
carry  a  very  great  current  for  a  very  short  time.  Now,  if  the 
author  had  closed  the  circuit  for  a  definite  period  of  time,  that 
might  have  given  certain  results.  Perhaps  the  circuit  breaker 
acted  in  that  way  and  gave  a  definite  time,  altliough,  as  Mr. 
Steinmetz  says,  that  would  depend  on  the  amount  of  electrical 
energy,  or  the  integral  of  the  current  which  passed. 

Furthermore,  tlie  question  of  exactly  what  a  fuse  is  intended 
to  do  is  another  point  to  be  considered.  This  "  short-circuiting 
point"  is  a  matter  of  some  practical  importance,  although  I  do 
not  think  it  is  the  definite  and  scientific  quantity  that  is  implied 
in  the  paper,  because  we  want  to  protect  coils  of  wire  on  dynamos 
or  other  apparatus  from  the  effects  of  short-circuiting  under  cer- 
tain conditions.  If  the  fuse  does  not  blow — and  presumably  the 
fuse  is  of  lower  current  capacity  than  the  wire  of  the  machine  to 
be  protected — then  it  stands  to  reason  that  tlie  wire  will  not  be 
injured.  Therefore,  after  all,  in  a  practical  common  sense  way, 
perhaps  this  test  is  a  useful  and  important  one.  And  often  this 
18  the  object  of  the  fuse  after  all. 

But  looking  at  the  matter  as  a  physical  problem,  it  seems  to 
me  the  questions  involved  are  these : — that  a  fuse  has  a  definite 
capacity  for  heat,  and  requires  a  certain  number  of  calories  to 
raise  it  to  its  fusing  point ;  that  amount  being  the  product  of  its 
weight,  specific  heat  and  the  temperature  of  fusion.  That  is  the 
amount  of  heat  required  to  raise  it  to  fusing  point,  assuming  that 
the  action  is  so  rapid  that  no  heat  is  lost,  which  I  think  would 
be  approximately  true  in  this  case.  It  is  practically  instantaneous, 
and  the  loss,  I  think,  would  be  almost  negligible.  Now,  a  certain 
amount  of  electrical  energy  is  required  to  produce  that  amount 
of  heat,  and  that  amount  oi  electrical  energy  is  just  as  definite  as 
anything  can  possibly  be.  It  is  simply  the  electrical  equivalent 
of  that  amount  of  thermal  energy.  We  have  a  certain  e.  m.  f. 
and  a  certain  impedance  to  overcome,  due  to  tlie  resistance  and 
the  self-induction,  and  a  certain  time  during  which  that  current 
flows.  Consecjuently,  as  a  physical  problem,  we  can  investigate 
it  by  calculation.  We  can  tell  beforehand  what  current  and 
what  time  would  be  required. 

Mr.  C.  J.  Reed  : — It  seems  to  me  that  from  a  physical  stand- 
point I  caimot  agree  with  Dr.  Crocker  that  it  simply  depends  on 
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a  certain  amount  of  heat  jrenerated,  but  the  element  of  time  and 
the  surrounding  conditions  have  all  to  do  with  it.  The  question 
as  to  whether  the  fuse  will  meJt  or  not,  appear  to  depend  on 
whether  tliere  is  a  generation  of  heat  in  the  wire  at  a  rate  exceed- 
ing that  at  which  it  iS  dissipated.  If  so,  the  temperature  will 
continue  to  increase  until  the  melting  point  is  reacned.  If  the 
conditions  are  sucli  that  \vith  any  giv^en  current,  whether  great  or 
small,  the  heat  is  dissipated  more  rapidly  than  it  is  produced  in 
the  wire,  then  it  will  never  reach  fusion.  It  will  retujh  a  certain 
temperature  and  will  not  go  beyond  that.  On  the  other  hand,  it 
is  perfectly  evident  that  if  there  is  no  opportunity  for  energy  to 
dissipate,  even  an  intinitesimal  current  would  in  the  course  of 
time  fuse  the  largest  wire.  That  seems  to  me  very  evident.  If 
no  heat  can  escape,  even  an  mtinitesimal  current,  theoretically,, 
would  in  time  heat  the  wire  to  its  melting  point ;  and,  therefore, 
it  seems  to  me  that  the  only  way  any  formula  could  be  applied, 
would  be  under  conditions  in  which  the  radiation  must  be  abs^o- 
lutely  the  same  for  all  temperatures  of  the  wire, and  in  which  no 
heat  could  escape  through  the  terminals.  That  limits  us  practi- 
cally to  considering  the  central  portion  of  a  very  long  fuse,  and 
one  situated  in  a  vacuum,  or  under  other  conditions,  where  the 
temperature  of  the  surrounding  space  could  be  kept  perfectly 
uniform.  Then,  as  the  temperature  of  the  fuse  rises,  the  differ- 
ence between  its  temperature  and  that  of  the  surrounding  medium 
could  be  determined  for  any  given  tempereture.  But  under  or- 
dinary conditions  the  most  uniform  that  I  can  conceive  of  would 
be  that  of  an  exposure  to  air  of  uniform  tempemture.  But  this 
is  impossible  to  get.  If  we  compare,  for  instance,  a  fuse  wire  of 
very  small  diameter,  say  .001  inch,  and  another  of  a  diameter  of 
one  inch,  the  small  wire  heating  to  its  melting  point,  say  for 
instance  2,000  or  1,500  degrees,  if  it  is  a  wire  that  melts  at  that 
temperature,  will  heat  only  a  very  small  amount  of  the  surround- 
ing air,  whereas  a  wire  one  inch  in  diameter  would  heat  a  coni?ider- 
able  thickness  of  the  surrounding  air,  and  consequently  reduce 
its  rate  of  cooling  much  more  than  a  small  wire  would.  It  seems 
to  me.  then,  that  any  formula  we  can  get  will  be  valueless  unlet^s 
we  take  into  consideration  the  surrounding  conditions. 

So  far  as  the  comparison  of  copper  wire  and  lead  wire  fuses  is 
concerned,  I  cannot  entirely  agree  with  Mr.  Steinmetz.  I  remem- 
ber in  the  early  days  of  electric  lighting,  when  I  did  not  know 
any  better,  I  put  up  a  lant  in  which  I  used  copper  wire  fuses 
for  electric  lights  on  a  100-volt  circuit.  I  used  a  JSo.  36  copper 
wire  fuse  about  two  inches  long  on  every  lamp.  Later,  wnen 
we  got  the  Edison  lead  wire  fuses  in  their  cut-out  boxes,  I  always 
noticed  that  the  copper  wire  fuses  when  they  went  out  never 
made  any  fuss,  not  the  slightest  noise  of  any  kind,  and  only  a 
very  minute  spark ;  while  the  lead  wire  fuses  would  invariably 
make  a  loud  report  and  send  a  lot  of  melted  metal  around,  whicn 
was  likely  to  do  damage  ;  and  I  came  to  the  conclusion  that  for 
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thie  particular  service  the  \>est  kind  of  a  fuse  is  one  wliich  will 
give  the  least  amount  of  melted  metal,  and  not  the  one  that  melts 
at  the  lowest  ti-mperature.  It  does  not  matter  whether  the  metal 
melts  at  a  low  temperature  or  not,  as  the  arc  is  very  sure  to  heat 
it  up  to  ahout  the  same  temperature.  '  Hence,  the  more  metal 
the  more  danger. 

Prof.  W.  A.  Anthony  : — There  was  one  pcnut  in  this  paper 
that  I  did  not  f  jlly  understand.  If  I  understood  correctl^y,  these 
experiments  were  all  made  with  the  same  circuit  connection,  the 
same  connection  from  the  switch-board,  and  with  the  ma^etic 
circuit  breaker  in  circuit ;  and  if  I  underetood  correctly,  the  ex- 
periments were  made  some  30  feet  or  so  distant  from  tlie  switch- 
board, and  therefore  leads  of  that  length  wefer  necessary  iirorder 
to  reach  the  fuse.  Now,  under  such  circutnstances,  I  can  hardly 
see  how  the  resistance  of  the  connections  could  be  negligible  in 
corapatison  with  the  fuse.  It  would  seem  to  me  that  the  connec- 
tions under  such  circumstances  would  be  quite  large,  that  the  fuse 
would  not  be  a  large  percentage  of  the  whole  resistance,  and, 
therefore,  that  the  amount  of  current  that  would  flow  would  de- 
pend perhaps  as  much  upon  the  connections,  instruments,  contacts, 
etc.,  in  circuit,  as  upon  the  fuse  itself,  and  that  if  these  experi- 
ments were  to  be  made  with  entirely  different  connections,  with 
larger  or  shorter  wires,  that  entirely  different  results  would  be 
reached,  that  a  larger  current  would  flow  through  the  same  fuse, 
because  the  amount  of  current  that  flows  in  this  case,  as  Mr. 
Steinmetz  says,  is  determined  by  Ohm's  law  ;  that  is,  by  Ohm's 
law  excepting  the  self-induction  or  impedance  that  comes  in. 
And  if  we  had  a  less  I'esistance  as  a  whole,  no  matter  whether 
the  fuse  itself  were  of  less  resistance  or  not,  then  a  much  lai^r 
current  would  have  passed  through  the  same  fuse.  Now,  unless 
the  condition*  were  such  that  the  connections  were  extremely 
small  in  comparison  with  the  fuses,  I  cannot  see  why  the  result 
should  not  be  as  I  have  stated,  and  cannot  see  that  the  results 
given  really  show  us  anything  of  importance. 

Prof.  Elihu  Thomson  : — fi  seems  to  me  that  the  question  un- 
der discussion  resolves  itself  into  a  question  of  what  is  the  proper 
function  of  a  fuse,  whether  it  is  to  save  the  apparatus  from  an 
overload,  or  whether  it  is  to  save  it  only  in  the  case  of  a  short- 
circuit.  It  is  conceivable  that  if  the  fuse  is  !iot  to  give  any  relief 
to  an  overload  of  say  50  per  cent,  but  is  merely  to  I)e  active  on 
short-circuit,  then  the  copper  fuse  might  perhaps  be  the  best. 
But  if  the  fuse  is  to  act  on,  say,  50  per  cent,  overload,  or  some 
definite  proportion  of  the  normal  load,  then  it  strikes  me  that 
tin,  lead,  or  fusible  metal  is  undoubtedly  the  best,  because  we 
must  not  neglect  the  economy  of  the  fuse.  If,  for  example,  we 
use  a  copper  wire  for  a  fuse,  we  must  make  it  longer  than  the 
fuse  metal  in  order  that  the  heat  of  the  fuse  will  not  be  conducted 
back  to  the  terminals.  Copper  being  such  an  excellent  conductor 
of  heat,  it  will,  of  course,  if  made  short,  deliver  its  heat  rapidly 
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to  the  terminals,  and  to  get  rid  of  any  effect  on  tlie  terminals,  we 
would  have  to  enlarge  or  lengthen  oat  the  copper.  At  the  same 
time,  if  we  lengthen  it  out  and  run  it  on  a  normal  load  at  a  con- 
ridenible  elevation  of  temperature  so  that  it  may  fuse  on,  say,  50 
per  cent,  overload,  then  we  are  wasting  energy.  We  will  have 
a  great  number  of  fuses  which  are  running  hot,  and  we  know 
that  a  small  wire,  if  of  some  length,  can  get  rid  of  a  considerable 
amount  of  energy.  Again,  witli  the  tin  and  lead  fuse,  the  con- 
ductivity for  heat  is  low  and  the  fuse  runs  at  comparatively  near 
normal  temperature  unless  the  overloa*!  comes.  At  that  time  it 
is  ready  to  molt  at  a  moderate  elevation  of  temperature.  If  the 
function  of  the  fuse  is  to  ^ave'the-amMuratoftin  ca«e  offoverload, 
then  a  soft  metal  must  undoubtedly  Imj  the  best. 

Now  what  is  the  function  of  the  fuse  in  the  railway  motor  ? 
dertainly  not  to  save  the  apparatus  in  a  case  of  short-circuit,  be- 
cause you  cannot  have  a  true  short-circuit.  You  have  a  drop  in 
the  trolley  line,  you  have  a  drop  in  the  returns,  and  you  have  all 
through  tlie  connection  a  drop  which,  of  course,  would  limit  the 
current  and  remove  any  liability  of  any  such  values  being  reached 
as  are  stated  in  the  paper.  If  the  current  did  reach  those  high 
values  for  an  instant,  there  would  not  necessarily  be  any  bad  result 
to  follow,  if  the  instant  after,  say .  I  second  or  .0 1  second,  all  things 
are  righted.  Then  it  does  not  matter  if  we  have  just  that  mo- 
mentarj'  high  flux  of  current.  Now  the  fact  is,  that  a  car  may 
l>e  upon  a  grade,  and  for  some  reason  or  other  it  may  be  slipping 
down  the  ^rade.  The  motorman  puts  on  the  current  rather 
briskly,  and  he  may  get  for  the  moment  150  to  200  amperes.  I 
have  known  that  to  occur.  I  have  been  on  cars  when  tests  were 
made,  when  the  motors  took  that  current  for  a  time,  when  rotat- 
ing slightly  in  the  opposite  direction  current  was  suddenly  put  on. 
The  fuse,  which  might  have  blown  at,  say,  50  or  60  amperes,  did 
n  3t,  of  course,  blow  under  the  conditions,  but  if  the  conditions 
had  existed  for  any  considerable  time,  the  fuse  would  have  blown 
and  saved  the  apparatus.  In  other  words,  the  motor  could  stand 
a  high  value  of  current  for  a  short  time  without  sustaining  any 
harm.  It  seems  to  me  that  the  practical  question  is  the  one  which 
you  have  to  consider  in  this  connection. 

Mb.  Geo.  W.  Blodoett  : — I  take  it  the  object  of  an  investiga- 
tion of  this  sort  is  one  of  two,  either  to  establish  a  law,  or  to  furnish 
a  practical  application.  It  seems  to  me  that  no  formula  can  be 
devised  in  which  a  single  constant  would  embrace  all  the  condi- 
tions which  are  to  be  met,  because,  as  has  been  said,  the  len^h 
of  the  fuse  and  the  duration  of  time  are  both  factors  which 
determine  to  a  deflrree  the  point  at  which  it  will  melt.  Perhaps 
I  have  overlookecTit,  but  I  see  nowhere  stated  the  length  of  the 
fuse  which  Mr.  Harrington  employed.  Nor  does  he  state  defin- 
itely the  time  which  elapsed  between  the  closing  of  the  circuit 
and  the  blowing  of  the  fuse.  Perhaps  he  does  that  in  one  or 
two  cases,  though   I  did  not  have  an  opportunity  to  read  the 
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paper  beforehand.  1  think  the  experiment,  to  be  complete,  should 
state  exactly  the  length  of  fuse  employed  and  the  time  during 
which  it  was  in  circuit.  A  formula  to  be  applicable  to  all  cases 
should  bring  in  those  two  factors,  and  it  is  rigidly  true  only 
when  the  exact  conditions  under  which  the  test  was  made  are 
reproduced.  But  we  never  have  in  practice  exactly  the  condi- 
tions which  we  impose  in  the  laboratory  for  an  experiment  of 
this  sort,  and  if  the  object  is  to  determine  a  law  imder  theoretical 
conditions,  then  it  should  be  distinctly  stated  what  the  conditions 
were,  under  which  the  test  was  made.  But  if  it  is  to  furnish  a 
practical  application,  then  as  nearly  as  possible  the  conditions 
which  exist  in  average  practice  should  be  reproduced,  and  it 
should  be  definitely  stated  what  the  conditions  are  under  which 
the  practical  application  is  made  in  the  test.  I  am  sorry  that 
Mr.  Harrington  did  not  state  the  length  of  the  fuses  and  the 
composition  of  the  alloys  which  he  used,  because  varying  the 
proportions  of  lead  and  tin,  for  instance,  in  the  fuse  which  he 
employed,  would  vary  quite  considerably  the  melting  point  of 
the  fuses.  Some  experiments  made  by  the  American  Bell  Tele- 
phone Company  I  oelieve  developed  this  fact,  that  a  current 
which  was  perfectly  harmless  for  a  short  time,  if  continued 
through  the  coils  of  a  telephone  bell,  for  instance,  for  a  con- 
siderable time,  would  destroy  it.  Therefore  thev  found  it  neces- 
sary to  provide  against  what  they  called  "  sneak  "  currents,  that 
is,  currents  which  for  a  short  time  will  do  no  damage,  but  which 
continued  a  long  time  will  do  harm  by  a  gradual  rise  of  tempera- 
ture, because,  owing  to  the  density  and  t]ie  number  of  turns  in 
the  coil  of  wire,  the  energy  can  not  be  dissipated  as  fast  as  it  is 
communicated  to  the  coil,  and,  therefore,  a  dangerous  tempera- 
ture results ;  and  that  should  be  taken  into  account  in  the  appli- 
cation of  a  fuse  to  a  particular  purpose,  how  long  the  current  can 
be  continued  without  injury  to  the  apparatus. 

Mr.  Allan  V.  Garratt  : — What  I  was  about  to  say  was  pre- 
cisely what  Prof.  Thomson  has  said,  and  he  has  said  it  so  much 
better  than  I  could,  that  I  will  not  go  over  the  same  ground. 
But  I  wish  to  say  just  this  one  thing  more.  It  seems  to  me  the 
most  criticisable  point  of  the  whole  paper  is  contained  in  the  very 
last  sentence,  which  I  will  read.  "  The  natural  conclusion  arising 
"from  a  knowledge  of  the  above  data  is  that  fuse  metals  are  under 
"  no  circumstances  to  be  considered  in  the  light  or  nature  of  a  pro- 
"tection."  That  is  not  a  conservative  statement.  If  the  words 
"  under  no  circumstances "  were  changed  to  "  under  some  cir- 
cumstances," it  certainly  would  meet  the  approval  of  us  all. 
There  is  probably  not  a  man  here  who  has  not  many  times  in  his 
own  experience  seen  fuse  metals  do  precisely  what  they  were  in- 
tended to  do.  The  point,  I  think,  that  is  brought  out  in  this 
discussion  by  Dr.  Crocker,  that  we  must  first  make  up  our  own 
mind  what  we  want  fuse  wire  to  do  before  we  can  find  fault  with 
it,  is  a  very  important  one.    We  know  in  every  machine  designed 
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what  the  hare  wire  will  carry,  and  we  are  familiar  with  what  will 
happen  in  the  machine  if  ati  excessive  current  passes  tlirough  it; 
and  the  machines  are  so  designed  that  under  the  service  for 
which  they  are  intended  they  will  dissipate  tlie  heat  as  fast  as 
they  are  likely  to  get  it  under  commercial  conditions,  and  under 
most  abnormal  conditions  the  fuse  acts. 

Hence,  although  there  is  a  great  deal  of  value  in  this  paper, 
yet  its  conclusion,  I  think,  is  erroneous,  and  not  [)erhaps  of  the 
pi-actical  utility  that  its  author  intended. 

Mr.  Harrington  : — As  to  the  matter  of  the  length  of  fuse,  I 
think  I  mentioned  in  the  paper  its  being  three  incnes  long,  and 
the  time  of  opening  the  circuit  in  these  Instances  approximated 
.01  second.  As  to  the  use  of  fuses  in  railway  work,  where  the 
fuse  is  intended  to  carry  current  for  the  jumps,  and  where  you 
are  liable  to  have  the  current  as  tabulated  under  short-circuit 
column  on  account  of  low  line  resistance,  I  think  the  law  true  in 
the  majority  of  instances.  It  is  a  very  noticeable  fact  in  connec- 
tion with  railway  work,  that  in  climbing  grades  fuses  very  fre- 
quently blow  when  they  are  least  wanted  to  blow ;  and  yet  if 
you  put  in  a  fuse  large  enough  to  carry  the  currents  for  that 
service,  on  a  "ground ''  or  "short-circuit,"  the  current,  while  it 
may  not  rise  to  the  quantity  tabulated,  still  it  will  rise  to  such 
quantity  as  will  by  the  torque  or  shock  produced,  cause  a  great  deal 
oi  damage,  which  the  protection  of  a  circuit  breaker  will  un- 
questionably prevent,  as  practice  has  proved. 

That  the  use  of  fuses  as  a  means  of  protection  is  not  satisfac- 
tory is  demonstrated  by  the  use  of  magnetic  circuit  breakers  on 
the  Metropolitan  railway  in  Chicago,  and  other  lai^e  railways. 

As  to  the  conclusion  concerning  the  non-protection  that  fuses 
afford,  it  is  the  occasional  arising  of  this  phenomenon  that  leads  to 
their  not  being  depended  upon.  For  instance,  very  recently  at 
the  Broad  Street  station  of  tne  Pennsylvania  Railroad,  in  Phila- 
delphia, having  Westinghouse  generators,  and  using  very  large 
fusee,  a  short-circuit  took  place.  The  fuse  did  not  blow.  The 
generator  was  verv  badly  injured  and  the  ci*ank-shaft  broken, 
and  considerable  damage  occurred.  In  the  report  that  the  en- 
gineers made,  they  recommended  the  use  of  magnetic  circuit 
breakers,  although  before  that  time  the  same  engineers  had  never 
considered  circuit  breakers  as  being  advisable.  It  is  the  liability 
of  these  things  to  happen,  owing  to  the  properties  that  fuses 
have,  that  seems  to  point  to  their  lack  of  reliability. 

In  the  matter  of  tne  refinement  of  the  law  as  enunciated,  while 
it  might  have  been  conducted  on  a  finer  basis  and  results  obtained 
which  would  be  rigorously  true,  yet  knowing  that  such  a  condi- 
tion would  not  l)e  attained,  I  was  very  careful  to  state  all  the 
facts  as  far  as  I  was  able  to  obtain  tJiem,  aiming  to  bring  out 
prominently  the  point  that  fuses  have  properties  which  have  very 
seldom,  if  ever  heretofore,  been  noticed  and  provided  for.  It 
has  been  my  effort  simply  to  bring  these  phenomena  before  you. 
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Mr.  Kekd  : — I  would  like  to  ask  the  gentleman  if  I  understood 
correctly  that  the  time  in  these  experiments  was  .01  second. 

Mr.  Harrington  : — Approximately  that. 

Mr.  Rekd  : — In  all  cases  ? 

Mr.  Harrington  : — Approximately  that,  yes  ;  very  closely 

Mr.  Reed  :— In  that  case  it  does  not  seem  to  me,  then,  that 
this  formula  could  be  expected  to  apply  in  any  way,  because  this 
is  a  formula  which  is  intended  to  snow  the  relation  between  the 
diameter  of  the  fuse  metals  and  the  minimum  currents  required 
to  fuse  the  metals  when  sufficient  time  elapses  for  fusion  to  occur. 
Now  it  18  very  evident  that  if  you  take  two  fuses  of  different 
diameters,  under  different  conditions,  and  of  the  same  metal,  and 
if  your  current  is  just  sufficient  under  those  conditions  to  fuse 
the  wire,  it  will  not  generally  fuse  both  of  them  in  the  same 
time,  being  of  different  diameters ;  and  hence  to  expect  that  they 
would  all  fuse  in  .01  second  would  be  expecting  something  that 
certainly  could  not  take  place. 

Mr.  Harrington  : — You  are  probably  thinking  about  the  law 
enunciated  by  Preece,  where  sufficient  time  elapses  for  fusion  to 
occur.     That  law  is :  6'  =  a  ^«. 

Mr.  Heed: — Any  time  which  you  are  going  to  allow  for  a 
given  current  to  fuse  the  metals  will  not  be  tlie  same  for  the 
fusion  of  different  diametere,  even  of  the  same  metal.  The  time 
will  be  such  as  is  required  for  the  increase  of  temperature  to  come 
up  to  the  fuging  point.  You  must  rememl>er  that  energy  is  being 
dissipated  all  the  time  and  being  developed  all  the  time.  The 
time  when  the  fusing  temperature  will  be  reached  will  depend 
upon  how  much  faster  energy  is  being  developed  than  it  is  being 
dissipated. 

Mr.  Harrin(;ton  : — That  is  true,  but  in  the  law,  as  shown  by 
Preece,  time  is  eliminated.  In  fact,  time  drops  out  of  the  qu^- 
tion  when  developed,  and  since  time  is  ignored  there,  the  actual 
conditions  obtained  in  the  tests  were  such  that  I  have  ignored  the 
time.  But  I  happen  to  know  from  other  tests  that  it  was  about 
.01  second. 

Mr.  Steinmetz: — I  wish  to  refer  to  what  I  believe  is  a  mis- 
understanding of  a  statement  made  by  Professor  Crocker.  Pro- 
fessor Crocker  stated  that  the  blowing  of  a  fuse  was  merely  a 
question  of  calories.  Obviously  that  means  the  calories  accumu- 
lated in  the  fuse,  and  this  is  the  calories  impressed  upon  it,  in  case 
of  an  excessive  current,  where  the  fusing  takes  place  so  quickly 
as  to  allow  no  time  for  noticeable  radiation.  Otnerwise  it  is  the 
difference  between  the  calories  impressed  and  the  calories  radiated 
by  the  fuse. 

Now,  with  regard  to  the  formula  given  in  the  paper,  we  can 
draw  conclusions  from  the  numerical  values  which  plainly  show 
their  fallacy.  It  is  stated  there  that  the  fuse  in  the  Westing- 
house  car  equipment  allows  2,000  amperes  to  flow,  and  in  the 
General   Electric   Co.'s  equipment  3,600   amperes  on  a  short- 
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•circuit.  Now  that  means  that  at  500  volts  impressed  and  by 
series  parallel  control,  with  the  two  motors  of  the  car  in  series, 
the  resistance  of  each  Westingrhouse  motor  is  |^A\'  ^^  i  ^^  *^ 
ohm,  and  the  resistance  of  a  General  Electric  Co.  s  motor  only 
7^  of  an  ohm.  Although  both  companies  claim  that  their  motors 
:are  very  efficient,  I  do  not  think  that  either  of  them  makes  any 
•claim  to  such  low  resistance  as  that. 

Mb.  (1\rl  Herino,  Philadelphia: — In  connection  with  the 
subject  of  fuse  wires,  a  specimen  which  I  have  here  may  be  of 
interest.  It  is  a  portion  of  the  fuse  wire  of  the  high-tension, 
overhead  lines  of  the  famous  Lauffen-Frankfort  transmission 
plant,  and  was  handed  to  me  just  now  by  Dr.  Lobach,  one  of 
the  engineers  of  that  plant,  and  which  he  now  presents  to  the 
Institute.  It  is  a  copper  wire  O.l  mm.  in  diameter.  The  fuses 
were  two  metres  long,  stretched  overhead  between  two  poles,  and 
consisted  of  two  of  these  wires  in  multiple  in  each  of  the  circuits 
of  that  three  phase  system.  200  h.  p.  at  about  20,000  volts  were 
transmitted  through  these  fuses.  It  will  be  remembered  that  the 
center  point  of  this  three-wire  system  was  grounded,  and  that 
these  fuses  acted  as  a  cut-out  to  kill  the  line  in  case  one  of  the 
three  wires  became  grounded;  an  official  test  demonstrating 
their  efficacy  in  a  satisfactory  manner  was  made  before  the 
plant  was  allowed  to  be  operated. 

Mr.  Blodoett: — The  shape  of  the  fuse  has  also  an  important 
bearing  on  the  temperature  at  which  it  will  melt.  If  it  is  in  the 
form  of  a  flat  strip,  it  will  carry  a  higher  current  than  if  it  is  in 
the  form  of  a  solid  rod  or  circular  wire,  particularly  if  it  be  in- 
tended to  carry  a  large  current.  I  saw  an  i  llustration  of  the  condi- 
tions existing  very  nicely  shown  by  the  Electric  ForeingCompany, 
in  some  experiments  with  their  apparatus,  in  which  an  iron  rod 
about  one  inch  in  diameter  was  heated  to  a  bright  red  heat,  and 
by  regulating  the  current  carefully  it  could  be  maintained  at  a 
constant  temperature.  That  temperature  was  brought  so  high 
that  while  the  outside  of  the  rod  was  in  a  stable  condition,  owing 
to  the  dissipation  of  the  energy  into  the  surroun<ling  air,  the  in- 
terior was  melted,  and  would  after  a  little  time  And  for  itself  a 
vent  through  the  outside  shell,  and  the  interior  of  the  rod  which 
was  then  fluid  would  run  out,  leaving  a  tube,  while  the  outside 
would  remain  at  a  temperature  sufficient  to  preserve  its  shape 
and  integrity,  showing  that  the  dissipation  of  the  energy  under 
such  conditions  bears  an  important  relation  to  the  temperature 
at  which  destruction  will  occur.  So  in  a  large  fuse,  we  should 
get  a  decidedly  greater  carrying  capacity  in  the  shape  of  a  flat 
thin  strip  than  we  would  if  it  were  a  solid  circular  or  rectangular 
section. 

Capt.  Wm.  Bkopht  : — Nearly  every  point  in  this  paper  has 
been  covered  and  discussed,  except  the  concluding  paragraph.  I 
must  say  that  I  am  nearly  in  accord  with  the  writer  in  what  he 
there  says.     I  would  simply  amend  it  in  this  way  :  '*The  natural 
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conclusion  arising  from  a  knowledge  of  the  aboTC  data  is  that 
fuse  metals  are  under  most  circumstances,"  etc.  It  has  been  my 
province  to  deal  with  fuse  metals  for  the  last  twelve  years.  The 
functions  which  are  required  are  prevention  of  an  abnormal  flow 
of  current  over  the  wires,  thereby  increasing  their  temperature 
to  a  dangerous  point.  1  have  only  veiy  recently  tested  commer- 
cial fuses — sent  out  and  bought  them — ^and  I  find  that  none  of 
them  come  anywhere  near  doing  what  they  are  advertised  to  do. 
The  current  tnat  they  carry  varies  from  50  per  cent,  to  250  per 
cent,  above  what  they  are  marked.  Many  of  them  liave  the 
same  property  as  copper  wire, — they  htat;  and  I  have  miaintained 
them  m  a  red  hot  condition  for  five  or  ten  minutes,  or  longer,  if 
I  so  desire.  I  would  like  to  see  something  substituted  for  the 
present  commercial  fuse,  for  a  great  many  reasons.  The  men  in 
charge  of  plants  are  apt  to  use  fuse  metals  that  are  entirely  too 
large,  even  if  they  did  what  thev  are  supposed  to  do,  protect  the 
wires  in  which  they  are  inserted.  As  tney  age,  I  tina  that  their 
carryinff  capacity  increases  very  rapidly.  In  fact,  there  are  in- 
numerable objections  that  could  be  stated  to  the  use  of  fuse 
metal  for  the  protection  of  wires  and  prevention  of  overheating 
the  same,  if  time  permitted. 

Mr.  Charles  P.  Steinmetz  then  read  the  following  paper : 
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A  fafer  presented  at  tkt  Twelfth  Central  Meeting 
e/  ike  American  institute  0/  Electrical  Engi- 
neers^ Niagara  FallSyN.  K.,  June  ats^h,  181^5 » 
President  Duncan  in  the  Chair. 


THEORY  OF  THE  GENERAL  ALTERNATING 
CURRENT  TRANSFORMER. 


BY    CHARLES   P.    8TEINMETZ. 


The  simplest  alternating  current  apparatus  is  the  alternating 
current  transformer.  It  consists  of  a  magnetic  circuit,  inter- 
linked with  two  electric  circuits  or  sets  of  electric  circuits.  The 
one,  the  primary  circuit,  is  excited  by  an  impressed  k.  m.  f.,  while 
in  the  other,  the  secondary  circuit,  an  e.  m.  f.  is  induced.  Thus, 
in  the  primary  circuit,  power  is  consumed,  in  the  secondary  cir- 
•cuit  a  corresponding  amount  of  power  is  produced,  or  in  other 
words,  power  is  transferred  through  space,  from  primary  to 
secondary  circuit.  This  transfer  of  power  finds  its  mechanical 
equivalent  in  a  repulsive  thrust  acting  between  primary  and 
secondary.  Thus,  if  the  secondary  coil  is  not  held  rigidly  as  in 
the  stationary  transformer,  it  will  be  repelled  and  move  away 
from  the  primary.  This  mechanical  eflFect  is  made  use  of  in  the 
induction  motor,  which  represents  a  transformer  whose  secondary 
is  mountfed  movably  with  regard  to  the  primary  in  such  a  way 
that,  while  set  in  rotation,  it  still  remains  in  the  primary  field  of 
force. 

We  see  thus  that  the  stationary  transformer  and  the  induction 
motor  are  merely  different  applications  of  the  same  apparatus, 
comprising  a  magnetic  circuit  interlinked  with  two  electric  cir- 
cuits. Such  an  apparatus  can  properly  be  called  a  "  general  alter- 
nating current  transformer^'^  and  its  equations  in  complex 
quantities  are  given  in  the  following: — 

The  equations  of  the  stationary  transformer  and  those  of  the 
induction  motor  are  merely  specializations  of  the  general  alter- 
nating current  transformer  equations. 
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The  general  alternating  current  transformer  traneforms  between 
electrical  and  mechanical  power,  and  changes  not  only  e.  m.  f.V 
and  curi*ent8,  but  frequencies  also. 

Besides  the  magnetic  flux  interlinked  with  both  primary  and 
secondary  electric  circuit,  a  magnetic  cross  flux  passes  in  the 
transformer  between  primary  and  secondary,  surrounding  one 
coil  only,  without  being  interlinked  with  the  other.  This  mag- 
netic cross  flux  is  proportional  to  the  current  flowing  in  the  elec- 
tric circuit,  and  constitutes  what  is  called  the  self  induction  of 
the  transformer.  As  seen,  as  self-induction  of  a  transformer 
circuit,  not  the  total  flux  produced  by  and  interlinked  with  this 
circuit  is  understood,  but  only  that — usually  small — part  of  the 
flux  which  surrounds  the  one  circuit  without  interlinking  with 
the  other,  and  is  thus  produced  by  the  m.  m.  f.  of  one  circuit 
only. 

The  common  magnetic  flux  of  the  transformer  is  produced  by 
the  resultant  m.  m.  f.  of  both  electric  circuits.  It  is  determined 
by  the  counter  e.  m.  f.,  the  number  of  turus^  and  the  frequency 
of  the  electric  circuit,  by  the  equation  : 

E  =  VI^t:  Xn  M  10-*. 

Where  E  =  effective  e.  m.  f. 
JV  =  frequency. 
n  =  number  of  turns. 
M  =  maximum  magnetic  flux. 

The  M.  M.  F.  ])roducing  this  flux,  or  the  resultant  m.  m.  b.  of 
primary  and  sec<mdary  circuit,  is  determined  by  shape  and  mag- 
netic characteristic  of  the  material  composing  the  magnetic 
circuit,  and  by  the  magnetic  induction  At  open  secondary 
circuit,  this  m.  m.  f.  is  the  m.  m.  f.  of  the  primary  current,  which 
in  this  case  is  called  the  exciting  current,  and  consists  of  an  energy 
component,  the  magnetic  energy  current,  and  a  reactive  compo- 
nent, the  magnetizing  current. 

In  the  general  alternating  current  transformer,  where  tlie 
secondary  is  movable  with  regard  to  the  primary,  the  itite  of 
cutting  of  the  secondary  electric  circuit  with  the  mutual  mag- 
netic flux  is  different  from  that  of  the  primary.  Thus,  the  fre- 
quencies of  both  circuits  are  different,  and  the  induced  e.  m.  k.'s 
are  not  proportional  to  the  number  of  turns  as  in  the  stationary 
transformer,  but  to  the  product  of  innnber  of  turns  into  fre- 
quency. 
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Let,  in  a  general  alternating  current  transformer : 
k  =  ratio  "pT^  frequency,  or  "  slip," 

thus,  if : 
N  =  primary  frequency,  or  frequ^jncy  of  impressed  k.  m.  f., 

k  N  ^=:i  secondary  frequency, 

and  the  e.  m.  f.  induced  per  secondary  turn  by  the  mutual  flux 
has  to  the  e.  m.  f.  induced  per  primary  turn  the  ratio  i, 

A  =  0  represents  synchronous  motion  of  the  secondary, 

^  <  0  represents  motion  above  synchronism — driven  by  ex- 
ternal mechanical  power,  as  will  be  seen, 

A  =  1  represents  standstill, 

i  >  1  represents  backward  motion  of  the  secondary,  that  is, 
motion  against  the  mechanical  force  acting  between  primary 
and  secondary  (thus  i^epresenting  driving  by  external  mechanicnl 
power). 

Let: 

7?o  =  number  of  primary  turns  in  series  per  circuit, 

Til  =  number  of  secondary  turns  in  series  per  circuit, 

a  =  -®  =  ratio  of  turns, 

1^  =  />(,  -j.  y  <yy  =  primary  admittance,  per  circuit,  where 
Pq  =  effective  conductance, 
(T^  =  susceptance, 
Uq=  r^  —  J  ^  =  internal    primary    impedance    per   circuit, 
where 

To  =  effective  resistance  of  primary  circuit, 
Mq  =  reactance  of  primary  circuit, 
Uii=^  Vi  — J  8i  =  internal  secondary  impedance  per  circuit  at 
standstill,  or  for  A;  =  1,  where 

ri  =  effective  resistance  of  secondary  coil, 
8^  =  reactance  of  secondary  coil  at  standstill,  or  full  fre- 
quency:  k  =  \. 

Since  the  reactance  is  proportional  to  the  frequency,  at  the  slip 
k,  or  the  secondary  frequency  k  N^  the  secondary  impedance 
is: 

Ux  =  r,  — j  k  *i. 

Let  the  secondary  circuit  be  closed  by  an  external  resistance  n 
and   an   external  reactance,   and  denote  the   latter  by  s  at  fn*- 
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ijuency  iV,  then  at  frequency  k  N.  or  slip  X-,  it  will  be  =  A;  *,  and 
tinis : 

C^  =  r  — J  ks  =  external  secondary  impedance.  ^ 

Let: 

£q  ==  primary  impressed  e.  m.  f.  per  circuit. 

^'  =  E.  M.  F.  consumed  by  primary  counter  e.  m.  f. 

J?j  =  secondary  terminal  k.  m.  f. 

^/  =  secondary  induced  e.  m.  f. 

e    =  £.  M.  K.  induced  per  turn  by  the  mutual  magnetic  flux, 
at  full  frequency  3". 

Co  =  primary  current. 

600  =  primary  exciting  current. 

{7j   =  secondary  current. 
It  is  then : 

Secondary  induced  e.  m.  f.  : 

E/  =  k  n,  e. 
Total  secondary  impedance  : 

hence,  secondary  current : 

Q  _       /'/         _   k  Ml  e 

Secondary  terminal  voltage: 

F,  =  K;  —  C,  U,  =  C,  U 

K.  M.  F.  consumed  by  primary  counter  e.  m.  f.  : 

E^  ^  —  ihe\ 
hence,  primary  exciting  current: 

6a,  =  El   Yo  =  —  7*0  ^  (ru  +j  ^u)- 


1  This  applies  to  the  case,  where  the  secondary  contains  inductive  reactance 
only,  or  rather  that  kind  of  reactance,  which  is  proportional  to  the  frequency. 
In  a  condenser,  the  reactance  is  inversely  proportional  to  the  frequency,  in  a 
synchronous  motor  under  circumstances  independent  of  the  frequency.  Thus 
in  generol  we  have  to  set :  «  =  «'  +  «"  -f-  *  "»  where  »'  is  that  part  of  the  reac- 
tance, which  is  proportional  to  the  frequency,  *"  that  part  of  the  reactance  in- 
dependent of  tne  frequency,  and  s"  that  part  of  the  reactance,  which  is 
inversely  proportional  t4)  the  frequency,  and  have  thus,  at  slip  k,  or  frequency 

k  N,  tlio  external  secondary  reactance  :  k  s  -\-  %"  +  --- , 
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Coraponent  of  primary  current  correspondiDg  to  secondary 
current  CI : 

C^/  =  -  ^ 
a 

_.  n^ke . 

hence,  total  primary  current : 

Co  =  CJio  +  Ci 

=  _  2.^.51 1 ip±±jj^\      ■ 

^     Ja,  (/-.-i-r)- ii- (..  +  «)  ^  *         ^•' 

Primary  impressed  e.  m.  f.  : 

We  get  thus,  as  the 

jHqnatiwuf  of  the  General  AlteniatiTig  Current  Transformer, 

of  ratio  of  turns :  a,  and  ratio  of  frequencies :  k,  with  the  e.  m.  f. 
induced  per  turn  at  full  frequency :  e,  as  parameter,  the  values : 
Primary  impressed  e.  m.  f.  : 

^  =  -«,.  ji  +1  ,   _^''t~//;  _^  ,  +  {n-Js,)(p,+J<r,)\. 

Secondary  terminal  voltage : 

Primary  current : 

ifi  (r^^r)—jk{8^-\-i)  k         > 

Sec<»ndary  current : 

fi  ^  k  Hx  e 


Therefrom  we  get: 
Ratio  of  currents : 

^^'  =  -  1  |1  +  «'  r/,.,  +i  a,)  [(/•,  +  r)  -j  (*,  +  *)]{. 


Ratio  of  E.  M.  K.'s : 
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E, 


a 
l 


\ ' + J(.,+::;~y..+.)+('----'''»<^+^''-) 


1   — 


n—jks^ 


Total  apparent  primary  impedance : 


i+i 


^0  —J  «0 


«*  ('•i  +  »*)  +i  *  («i  + «) 


+  (»'o  — ;«o)  (/'o+y»» 


1  +  ^  (/'o  +i  ".)  Kn  +  /•)  -i  ^-  («i  + «)] 


Where : 


.  =  .'+•- +  V 


in  the  general  secondary  circuit  as  diHciisged  in  foot  note,  page  4^ 
Substituting  in  these  equations : 

i  =  1, 
gives  the 
General  Equntlom  of  the  Stationary  Alternating  Current 
Transformer : 

^  =  -  ,^  .  Jl  +  ^    -fj^^j^  ^  Y,\. 

E,  =  n,e\\-  j.^X  =  «.  e     ^^_ 

lj\  +  t'  />,  +  II 


/7      _  ^1   ^ 


<7o_        1 


%^    a\^-^'^  nc^'-.H-  ^'jj. 


^';. 


A', 


Ik  =  .7  = 


^  =  _«  f'+^/-(i^.iY/)  +  '"^»' 


l-T- 


r, 


r,  +  r 
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Substituting  in  the  equations  of  the  general  altemaling  current 
transformer : 

r=o, 

gives  the 

General  Eqwitiona  of  the  Induction  Meloer 

k  ro—J 
-J' 
El  =  0. 


c,= 


k  n^e 


r,  —jkai 

^o  =  -  1  |l  +  ^  (^0  +i  <'.)  {r,  -Jk  «,)j. 


Ci 


ir,=  J(r,-i^*,)J 


1  +  ^  (^1  —J  ^'  *i)  (/>o  +i  ^o) 


Returning  now  to  the  general  alternating  current  transformer, 
we  have  by  substituting : 

(/•,  +  r)» +  *»(*. +  ")'  =  «*', 
and  separating  the  real  and  imaginary  qnantiticH : 

JSi  =  -  ««  ^    I  [l  +    -^,    (^0  ('•;  +  /•)  +^-  ^  (*■  +  «)) 

Neglecting  the  exciting  current,  or  rather  considering  it  as  a 
separate  and  independent  shunt  circuit  outside  of  the  trans- 
former, as  can  approximately  be  done,  and  assuming  the  primary 
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a 
k 


^ + ;(.. +:;  ~y..+.) + ^^^-^-^^  (^'+>')i 


1 


n  —j  k  s. 


{r,  +  r)  —j  k  (/»!  +  s) 
Total  apparent  primary  impedance : 


1+i 


?r^^   ■  x  +  (^o-/^)  O'D+y*'.! 


«*  ('•.  +  »•)  +i  k  («.  +  *) 


1  +  ^  C^o  +i  ''o)  Kn  +  /•)  -j  k  {s,  +  *)] 


Where ; 


=  ''+-f +  v 


in  the  generul  secondary  circuit  as  discussed  in  foot  note,  page  4. 
Substituting  in  these  equations : 

k  =  ^, 
gives  the 
Genend  Equntlitm  of  the  Stationary  AUernatin^  Current 
Trawtformer : 


yi;,  =  -,^^{i  + 


u. 


1 


««  ^/,  +  u 


+    r,   Vo]. 


^.  =  n..il--^,.|-^.|  =  ...   ^,-^^. 


a 


=  -"«'!^;7r+-r)+  ^'«i- 


Co_         1 


,?  =  -i  ji+««  n(r.+  ^')S. 


t;. 


r, 


r,  +  r 
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Subatituting  in  the  equations  of  the  general  altemaluig  current 
transformer : 

r=o, 

gives  the 

General  Eqiutticns  of  the  Induction  Metotr 

k  r^ 

■J' 
E^  =  0. 


p  —       k  n^  e 


fi—jkai 
I  =  -  i  jl  +  ^  (^0  +i  '^o)  ('•.  -Jk  *,)|- 


l\=  '^{r,-jks,)l 


Returning  now  to  the  general  alternating  current  transformer, 
we  have  by  substituting : 

^^^^rf^l^s,  +  ^y  =  u,\ 

and  separating  the  real  and  imaginary  quantities : 

JSi  =  -7io«    |[l+   -^,   (^,.,{r,-\-r)+k^{s,  +  s)) 

-J    ' 

Neglecting  the  exciting  current,  or  rather  considering  it  as  a 
separate  and  independent  shunt  circuit  outside  of  the  trans- 
former, as  can  approximately  be  done,  and  assuming  the  primary 
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impedance  reduced  to  the  secondary  circuit  as  equal  to  the  secon- 
dary impedance : 

Substituting  this  in  the  equations  of  the  genera]  transformer, 
we  get : 

C;  =  -^   \{rr  +  r)jk{s,  +  s)\. 

C'l  =  ^   \{r.  +  r)jk{s,  +  s)\. 

If: 

jF  =  a  +y  i  =  E.  M.  F.,  in  complex  quantities,  and 
C  •='  c  '\'  j  d  =^  current,  in  complex  quantities, 
the  power  is : 

P  ^  \  E,  C  \  ^  E  C  Q.o^{E,  G)  ^  a  c  -^  I  d. 
Making  use  of  this,  and  denoting: 


k  n?  ^ 
4-  =  w 


gives : 

Secondary  output  of  the  transformer : 

W,  =  \E,.C^\         =  (^-)'^       =  krw. 

Internal  loss  in  secondary  circuit : 

If 7  =  e{^  Pi        =  (     ^  ^)  Ti       =  kvi  w. 

Total  secondary  j>ower : 

Internal  Iosh  iu  primary  circuit : 
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Total  electrical  outpat  plus  loss : 

Total  electrical  input  of  primary  : 

Hence,  mechanical  output  of  transformer : 

W=zWo—W\=zw{l—k){r  +  ri). 

-p^>^    .     mechapical  output     W  1  — k  gpeed 

'  total  secondary  power  ""    Wi  -f-  Wi  k       ""      sWp  * 

Thus: 

In  a  general  alternating  transformer  of  ratio  of  turns  a,  and. 
ratio  of  frequencies  k^  neglecting  exciting  current,  it  is : 
Electrical  input  in  primary  : 

Mechanical  outpat : 

Electrical  output  of  secondary : 


(n  +  /')'  +  «*(*i  +  *)* 
Losses  in  transformer : 

in  +tf;  -w  _^__^,^-^__^. 

Of  these  quantities,  W^  and  TFj  are  always  positive ;  W^K£i^  W 
can  be  positive  or  negative,  according  to  the  value  of  k.  Thus 
the  apparatus  can  either  produce  mechanical  power,  acting  as  a 
motor,  or  consume  mechanical  power,  and  it  can  either  consume 
electrical  power  or  produce  electrical  power,  as  a  generator. 
At: 

Aj  =  0,  synchronism,  Wq  =  0,  W  =0,  TFi  =  0. 
At: 

0  <  i  <  1,  between  synchronism  and  standstill. 

Fi,  TTand  IToare  positive,  tliat  is,  the  apparatus  consumes 
electrical  power  Wq  in  the  primary,  and  produces  mechanical 
power  TTand  electrical  power  Fj  +  1^^  in  the  secondary,  which 
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is  partly —  W^^ — consumed  by  the  internal  secondary  resistance, 
partly — W^ — ^available  at  the  secondary  terminals. 
In  this  case  it  is  :        ]p  4.  pp^i  )^ 

That  is,  of  the  electrical  power  consumed  in  the  primary  circuit 
—  TTo — '^  P^rt  Wq^  is  consumed  by  the  internal  primary  resistance, 
the  remainder  transmitted  to  the  secondary,  and  divides  between 
electrical  power  TF,  +  W^^  and  mechanical  power  H^in  the  pro- 
portion of  the  slip,  or  drop  below  synchronism — k — ,  to  the 
«pced :  1  —  k. 

In  this  range,  the  apparatus  is  a  motor. 

At: 

k  >  1,  or  backwards  driving, 

TF  <  0,  or  negative,  that  is,  the  apparatus  requires  mechanical 
poWer  for  driving. 
It  is  then  : 

tliat  is :  the  secondary  electrical  power  is  produced  partly  by  the 
primary  electrical  power,  partly  by  the  mechanical  power,  and 
the  apparatus  acts  simultaneously  as  transfonner  and  as  alternating 
current  generator,  with  tlie  secondary  as  armature. 

The  ratio  of  mechanical  input  to  electrical  input  is  the  ratio  of 
speed  to  synchronism. 

In  this  case,  the  secondary  frequency  is  higher  than  the 
primary. 

At :  A'  <  0,  beyond  synchronism. 

ir  <  0,  that  is,  the  apparatus  has  to  be  driven  by  mechanical 

power. 

IFo  <  0,  that  is,  the  primary  circuit  produces  electrical  power, 

from  the  mechanical  input. 

At: 

;.  +  r^  +  ^  7-1  =  0,        or :        k  <  —  ^  +  ^\ 

T 

the  electrical  power  produced  in  the  primary  becomes  less  than 
required  to  cover  the  losses  of  power,  and  IFq  becomes  positive 
again. 

We  have  thus  :  -r  ^ r  +  7*^ 

r     ' 
consumes  mechanical  and  primary  electric  power ;  produces  se- 
co  idary  electric  power. 

-  !Ld^''..  <  i- <  0, 
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congumes  mechanical,  and  produces  electrical  power  in  primary 
and  in  secondary  circuit. 

0  <  *  <  1, 
consumes  primary  electric  power,  and   produces  meclianical  and 
secondary  electrical  power. 

1  <h 
consumes  mechanical  and  primary  electrical  power;   produces 
secondary  electrical  power. 


QENERi^L  ALT€RMATe'cUR)?ENT  f  RAN^feFOfilMBR' 

14 
12 

p^ 

-- 

^ 





^^ 

.1 

^^ 

S^ 

— 

— 

- 

- 

-^ 

~ 

8 
6 

-^ " 

^ 

SEC 

^ 

ii£ 

iZ^ 

'< 

^ 

K 

^^ 

/ 

/ 

y^ 

_ 

-- 

^ 

\ 

2 
0 

^ 

^ 

V 

i:^ 

A 

H 

y 

i 

rOR 

/ 

\ 

- 

— 

\ 

- 

v 

R 

— 

— 

jii 

2 
A 
6 
8 
10 

— 

f 

tSi 

_ 

j^ 

YNC 
DTOf 

ENC 

1 

1 

I8K~ 

_ 

1 

P^ 

^ 



f^ 

14 

\^ 

- 

ICUI 

i 

z 

I 

S 

• 

- 

ifi 

— 

^ 

% 

: 

L8Yf 
CIRC 

22 
24 

— 

- 

_\ 

BAC» 

NOA 

080 
«VCI 

BEl[OW 
M 

nv  F/JEQl 

ABOV 
PRIMARY 

^CHRDMSM 
UIT  CENERATC 

Lr  .... 

OEN 

■RAT 

SEC 

ONO 

SUP 

K- 

1 

22  so  18  16  14  12  10  8  6   4   2   0   2  4 


8  10  12  14  16  18 


22  2i 


Fig.  1. 

As  an  instance,  in  Fig.  1  are  plotted,  with  the  slip  k  as  abscissae, 

the  values  of : 

secondary  electrical  output  as  curve      I, 
total  internal  loss  as  curve    II, 

mechanical  output  as  curve  III, 

primary  electrical  input       as  curve  IV, 

for  the  values : 
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n^e  =:  100, 
r^  =  .1, 
^i  =  .2, 
r  =  .4, 
s  =  .3; 
hence: 

iir  _  16,000  A» 

_  4,000  k+{6  +  k) 

^' r+F ' 

j^_  20,000  k{l  —  k) 
1  +A« 

Discussion. 

Dr.  M.  I.  PupiN : — I  was  given  this  very  interesting  paper  a 
few  days  ago,  but  unfortunately  I  lost  it  and  have  not  had  a 
chance  to  look  over  it  carefully  again,  and  it  is  a  paper  that  re- 
quires  very  careful  study  before  any  comment  can  be  made  upon 
it.  It  seems  to  me  that  from  the  viewpoint  of  the  comprehensive- 
ness of  the  subject  with  which  the  paper  deals,  the  author  accom- 
plishes just  what  he  intended.  That  is,  to  give  in  a  very  small 
com|>as8  the  general  theory  of  the  alternating  current  machinery 
that  is  used  to-day  in  commercial  work,  and  he  does  it  in  a  most 
elegant  way.  But  it  is  elegant  on  account  of  its  simplicity.  Thia 
simplicity  is  made  possible  by  the  introduction  of  a  peculiar 
method  of  accurate  analysis  which  Mr.  Steinmetz  has  worked  out 
all  by  himself. 

There  is  another  point  which  recommends  this  general  treat- 
ment of  current  transformers,  namely  :  not  only  is  the  method  a 
simple  one,  but  it  is  easily  translated  into  graphical  methods.  We 
can  actually  take  these  equations  and  by  pencil  and  ruler  transfer 
their  physical  meaning  to  paper  by  means  of  simple  lines  and 
curves. 

I  saw  a  machine  at  the  Frankfort  Exhibition,  which,  if  1  re- 
member correctly,  was  constructed  by  Schiickeil:.  It  would 
give  you  an  alternating  current,  a  two-phase  direct  current, 
a  three-phase  current,  or  anything  else  vou  wished,  and  for 
that  reason  it  was  called  the  "  maid-of-all-work."  This  theory 
of  alternating  current  machinery  which  Mr.  Steinmetz  has 
given  us  may  be  called  the ''  maid-of-all-work "  in  alternating 
current  machinery,  because  it  gives  information  not  only 
about  the  alternating  current  transformer,  but  also  about  the 
alternating  current  generator  and  alternating  current  induction 
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motor.  Perhaps  Mr.  Steinmetz  will  some  day  construct  a  ma- 
chine which  can  be  used  at  the  same  time  as  an  alternating  cur- 
rent generator,  an  induction  motor,  transformer,  or  anything  else 
that  occasion  may  demand.  It  is  a  very  original  and  very  mter- 
esting  piece  of  work  that  he  has  presented  in  this  paper. 

There  is  one  thing* though  that  Mr.  Steinmetz  has  not  men- 
tioned, and  that  is  that  it  is  an  ideal  theory.  I  mention  this 
because  some  time  ago  I  had  the  pleasure  of  presenting  somebody 
else's  paper  before  this  Institute.  Having  been  called  upon  to 
present  the  paper,  I  studied  it  carefully,  and  fell  in  love  with  it 
more  or  less,  and  I  feel  that  way  still.  But  Mr.  Steinmetz  was 
there,  and  he  thought  because  1  praised  the  paper,  he  ought  to 
take  the  other  side,  so  as  to  make  the  evening  pleasant  and  inter- 
esting. The  fault  he  had  to  find  with  the  paper  was  that  it  was 
too  theoretical,  and  it  was  too  mathematical.  [Laughter.]  But 
that  was  not  anything  so  very  serious  from  an  engineering  point 
of  view,  because  there  are  a  great  many  engineers  who  are  very 
fond  of  mathematics.  But  there  was  a  more  serious  defect  in  the 
paper  still,  according  to  Mr.  Steinmetz,  and  that  was  that  the 
paper  was  misleading  because  it  gave  theoretical  results  concern- 
ing the  induction  motor,  which  results  were  deduced  from  an 
hypothesis  which  never  occurs  in  practice,  and  tliat  is  that  there 
was  no  magnetic  leakage ;  and  if  there  was  any,  that  this  mag- 
netic leakage  was  not  affected  by  the  load.  Now  I  have  the  same 
fault  to  find  with  Mr.  Steinmetz's  paper.  That  is,  that  he  has 
not  taken  into  account  the  magnetic  leakage.  He  could  not 
do  that,  of  course,  because  that  is  impossible,  but  he  has  not 
stated  that  he  has  not  taken  account  of  the  magnetic  leakage ;  and 
therefore  I  think  that  in  that  respect  the  paper  is  somewhat  mis- 
leading. 

Mb.  Steinmetz  : — Coming  to  the  last  point  first,  1  think  Dr. 
Pupin  has  misunderstood  irie.  The  magnetic  leakage  is  considered 
in  the  paper,  and  very  completely,  ifot  onlv  the  primary  mag- 
netic leakage,  but  the  secondary  magnetic  leakage  also.  It  is 
what  1  call  and  introduce  here  as  the  magnetic  cross  flux,  that  is 
that  magnetic  flux  produced  by  one  circuit  and  interlinked  with 
this  circuit  only,  but  not  interlinked  with  the  other  circuit.  Its 
coefficients  are  denoted  here  by  '*«"  and  "*i,"  primary  internal 
reactance,  and  secondary  internal  reactance.  This  magnetic 
leakage  is  proportional  to  the  current  because  reactance  is  of  the 
nature  of  a  resistance,  and  is  treated  as  such  in  my  paper.  The 
only  error  which  can  come  in  here  is  the  lack  of  proportionality 
between  the  ma^etic  cross  flux  and  the  current  producing  it, 
that  is,  the  variation  of  the  ohmic  reactance.  However,  this 
magnetic  leakage  is  a  cross  flux  in  a  circuit  consisting  partly  of 
air,  while  the  magnetic  induction  in  the  iron  part  of  the  circuit 
is  far  below  saturation,  and  in  such  a  circuit,  theoretically  as  well 
as  experimentally,  the  magnetic  flux  is  always  found  very 
strictly  proportional  to  the  current,  or  in  other  words,  the  reac- 
tance is  constant. 
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Coming  back  now  to  the  other  proposition  made  by  Dr.  Pupin, 
to  devise  a  '^  maid-of-all-work,"  a  motor  which  does  everything, 
I  have  such  a  machine  in  operation  in  onr  factory,  and  have  used 
it  quite  extensively  for  experimental  work  for  about  a  vear  and  a 
half/  It  was  origmally  built  as  an  experimental  induction  motor, 
and  after  completing  experiments  with  it,  it  is  now  used  accord- 
ing to  circumstances,  either  as  a  transformer  or  a  frequencncy 
changer,  or  an  induction  motor  to  produce  mechanical  power,  or 
as  a  generator  to  get  currents  of  a  frequency  which  I  cannot  get 
directly  in  another  way,  say  250  cycles  per  second,  or  to  trans- 
form from  three-phase  to  single-phase,  or  from  single-phase  to 
three-phase,  etc.  I  shall  be  glad  to  show  the  apparatus  to  anyone 
of  the  gentlemen  present,  who  visits  Schenectady. 

Dr.  ?upin  :— I  observed  of  course  8  and  c*,  and  I  know  perfectly 
well  what  Mr.  Steinmetz  meant  to  convey  by  these  quantities, 
but  at  the  same  time  I  do  not  agree  with  him  that  the  geometri- 
cal factor  is  independent  of  the  load,  because  there  is  a  great 
deal  of  shifting  of  the  magnetic  circuits — what  we  call  distortion. 
Now  as  to  the  second  point,  I  am  glad  to  hear  that  there  is  a 
machine  of  the  kind  described.  I  wish  that  we  had  one,  so  that 
I  could  show  to  students  in  one  machine,  the  whole  theory  and 
practice  of  alternating  currents :  and  I  think  that  if  that  machine 
18  not  too  expensive  I  should  order  one.  If  the  General  Electric 
Company  really  has  that  machine,  I  should  then  propose,  in 
deference  to  that  fact,  that  the  title  of  the  paper  be  '*  The  Theory 
of  the  General  Electric  Alternating  Current  Transformer." 

Prof.  John  E.  Davies  : — The  remarkable  feature  of  this  paper, 
it  seems  to  me,  is  its  generalization,  if  I  understand  it  correctly, 
of  the  notion  of  difference  of  phase  and  its  changes.  We  have 
been  so  accustomed  to  regard  difference  of  phase  as  more  or  less 
constant,  and  as  included  within  the  ordinary  limits  of  90  or  of  180 
degrees,  that  at  first  thought  it  seems  to  be  somewhat  difficult  to 
enlarge  our  conceptions  in  this  regard.  That  is  to  say,  in  the  no- 
tion of  slip,  and  in  the  use  of  the  constant  k  to  indicate  it,  it 
seems  to  me  that  Mr.  Steinmetz  has  introduced  here  an  exceed- 
ingly important  idea,  together  with  an  appropriate  notation  for 
it.  I  do  not  know  but  that  this*  idea  of  slip  may  be  already  per- 
fectly familiar  to  the  majority  of  electrical  engineers  here  present, 
but  it  has  not  been  familiar  to  me  as  an  instructor  in  electricitv 
and  magnetism.  I  have  been,  of  course,  entirely  familiar  with 
the  transformation  of  voltage  and  the  transformation  of  current 
in  the  static  transformer ;  but  the  transformation  of  periodicity 
and  the  use  of  a  special  constant  in  the  formulae  to  represent  it,  I 
must  confess,  struck  me  as  a  very  novel,  and  at  the  same  time  as 
an  extremely  important  modification  of  the  usual  treatment  of  the 
alternating  current  transformer.  We  can  readily  understand 
mere  difference  of  phase  when  it  amounts  to  one,  two,  or  more 
periods,  in  advance  or  in  retardation  ;  but  we  have  here  an  actual 
iransformation  of  periodicity  due  to  motion  of  the  secondary,  and 
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it  strikes  me  that  that  portion  of  the  paper  is  an  exti>emely 
original  and  valnable  one  both  from  a  purely  theoretical  and 
practical  standpoint. 

Mb.  Clabbnoe  E.  Giffobd,  of  Jamestown,  N.  Y.,  then  read  the 
following  paper : 
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A  paper  preteMted  at  ike  Twelfth  Genera:  Meet- 
ing of  the  American  Institute  of  Electrical 
Eniineers^  Niagara  Falls ^  N.  K.,  June  2Sths 
iSqS'    President  Duncan  in  the  Cha  V. 


LOCATION  OF  GROUNDS  IN  ARMATUEES, 
FIELDS,  ETC. 


BY   CLAKENCB   E.    GIFFOKD. 


This  paper  presents  no  novel  scientific  principles.  The  methods 
herein  described  are  but  simple  adaptations  of  the  principle  of  the 
Wheatstone  bridge.  They  have  been  in  use  by  the  writer  for  several 
years,  and  he,  having  devised  them  for  his  own  use,  and  found 
them  very  rapid,  accurate  and  simple,  is  led  to  believe  that  they 
may  be  of  considerable  service  to  others.  The  Electrical  World 
"digest"  of  March  16th  notices  a  slightly  similar,  but  evidently 
less  perfect  method,  published  by  Mr.  Bronsson  in  the  London 
Electrical  Review,  The  insuflSciency  of  Mr.  Bronsson's  method 
in  cases  where  two  grounds,  at  some  distance  apart  exist,  is  ad- 
mitted. The  methods  herein  described  deal  successfully  with 
such  cases. 

If  the  work  can  be  performed  in  a  very  quiet  room,  two  or 
three  cells  of  battery,  a  telephone  receiver  and  connecting  wires, 
comprise  the  necessary  apparatus.  In  some  cases  two  "  table 
binding  posts"  and  a  foot  or  two  of  No.  18  or  No.  20  bright  iron 
wire  will  be  a  convenient  addition.  Where  noise  will  not  permit 
the  use  of  a  telephone,  a  dead-beat  reflecting  galvanometer,  a 
milli-voltmeter,  or  some  other  form  of  delicate  and  rapid  working 
visual  indicator  must  be  used  instead.  If  an  armature  is  to  be 
tested  without  removing  it  from  the  machine;  connection  with 
the  battery  may  be  made  through  the  brushes,  first  making  cer- 
tain that  the  short-circuiting  switch  is  opened,  if  dealing  with  an 
arc  machine.  The  points  of  connection  with  the  battery  need 
not  be  diametrically  opposite,  and  may  be  made  by  the  wires 
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being  firmly  pressed  against  the  commutator  by  an  assistant,  if 
more  convenient. 

Good  electrical  contact  between  metallic  surfaces  can  better 
be  secured  by  cleaning  the  same  thoroughly  with  kerosene, 
which  removes  foreign  matter,  and  is  so  fluid  that  it  will 
in  no  way  interfere  with  perfect  contact,  when  moderate 
pressure  is  applied.  Especially  when  making  measurements  of 
resistance  of  armature  sections,  it  is  even  advisable  to  have  the 
surface  of  the  commutator  quite  wet  with  kerosene  during  the 
operation,  as  this  avoids  trouble  from  grease  or  dirt  which  might 
get  on  the  surface  from  handling,  subsequent  to  cleaning,  and  it 
also  prevents  the  contact  points  becoming  oxidized  by  any  sparks 
which  may  occ]ir  at  the  moment  of  breaking  contact.  True,  the 
oil  is  an  insulator,  but  we  use  it  in  this  case  as  a  detergent 
simply. 

Returning  to  the  armature ;  connection  being  made  between 
battery  and  commutator,  first  determine  whether  the  armature 
circuit  is  complete  throughout.  If  the  circuit  is  complete,  a 
click  will  be  heard  in  the  telephone  when  the  two  terminals  of 
the  same  are  brought  in  contact  with  any  two  contiguous  bars  of  the 
commutator,  or  when  contact  is  broken.  If  an  open  circuit  exists 
on  either  side  of  the  circuit,  of  course  no  sound  will  be  heard  in 
the  telephone  when  used  on  that  side,  except  when  connection  is 
made  or  broken  by  it  between  the  bars  lying  on  opposite  sides  of 
the  break.     See  Fig.  1. 

Close  any  open  circuit  temporarily  by  bridging  between  the  two 
bars  with  a  drop  of  solder.  Two  or  more  breaks  can  evidently 
be  located  by  suitably  shifting  the  battery  contacts  and  searching 
as  before.  Open  circuits  will,  of  course,  when  an  armature  con- 
tinues in  work,  soon  cause  burns  between  the  bars  that  will  indi- 
cate unmistakably  their  location.  Having  closed  any  open 
circuits,  and  the  battery  being  connected  to  two  points  of  the 
commutator,  approximately  opposite  each  other,  one  terminal  of 
the  telephone  is  connected  to  the  armature  shaft,  or  frame  of  the 
machine,  and  the  other  terminal  is  drawn  completely  around 
over  the  surface  of  the  commutator,  while  the  telephone  is  held 
to  the  ear.  If  only  one  ground  exists,  two  balancing  points,  or 
points  giving  the  least  noise  in  the  telephone  will  be  found. 

In  an  armature  of  ordinary  construction,  one  of  the  points  so 
found  will  be  on  the  bar  nearest  the  real  ground,  while  the  other 
balancing  point  bears  what  might  be  termed  a  "  bridge  relation  " 
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to  the  first,  being  at  practically  the  same  potential ;  the  armature 
itself  forming  in  reality  a  veritable  Wheatstone  bridge. 

Now,  shift  the  points  of  battery  contact  a  few  bars  either  way 
and  the  true  ground,  if  but  one  exists,  will  be  indicated  in  pre- 
cisely the  same  position  as  before,  while  the  other  balancing 
point  will  shift  every  time  the  battery  contacts  are  shifted.  See 
Fig.  2. 

If  two  grounds  exist,  two  balancing  points  will  be  found,  as  be- 
fore, but  both  points  will  shift  more  or  less  when  the  battery 
contacts  are  shifted,  provided  the  grounds  lie  on  opposite  sides 
of  the  same  battery  contact.     This  case  will  be  considered  later^ 


Fig.  1 


Fig.  2 


In  the  case  of  one  ground,  having  determined  its  location  ap- 
proximately, fix  it  as  closely  as  may  be  by  making  and  breaking 
contact  with  the  telephone  terminal  on  each  of  the  more  quiet 
bars,  separately,  until  by  comparison,  the  two  giving  the  faintest 
clicks  are  determined.  If  your  bearing  has  served  you  correctly 
these  two  bars  lie  nearest  the  trouble,  the  fainter  one  being  the 
nearer.  Prove  the  non-existence  of  a  second  ground  by  placing 
one  of  the  battery  contacts  on  the  first  bar  to  the  right  of  the  ap- 
parently permanent  balancing  point  just  found,  and  then  on  the 
first  bar  to  the  left  of  said  point,  the  other  contact  being  nearly 
diametrically  opposite.  This  balancing  point  should  still  remain 
unchanged  if  no  other  ground  exists. 
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The  next  step  is  to  connect  the  battery  to  these  two  bars  just 
fixed  npon  as  lying  nearest  the  trouble.  The  armature  still  forms 
a  "  bridge,"  the  portion  included  between  the  two  contiguous  bars 
to  which  the  battery  is  now  connected  forming  the  one  side,  and 
the  remainder  of  the  armature,  the  other  side.     See  Fig.  3. 

One  of  the  telephone  terminals  is  now  connected  to  the  shaft  as 
before,  and  the  other  terminal  again  drawn  around  the  conmutator. 
If  the  balancing  point  is  found,  say  one-sixth  to  one-half,  the  long 
way  around  from  one  battery  contact  to  the  other,  (these  contacts 
being  on  two  contiguous  bars)  the  trouble  lies  in  the  coil  between 
those  two  bars,  and  the  point  of  trouble  divides  the  coil  in  the 
same  ratio  as  the  balancing  point  divides  the  remainder  of  the 
armature,  the  ground  and  the  balancing  point  being  respectively 
nearest  the  same  battery  contact.  If  the  balancing  point  falls  on 
the  same  bar  as  one  of  the  battery  contacts,  the  ground  is  located 
on  that  bar  or  on  the  lead  between  it  and  the  armature,  provided 
die  balancing  point  is  found  to  be  upon  the  same  bar  when  the 
battery  contacts  are  both  shifted  one  bar  to  the  right  or  left  of 
their  original  position.     See  Fig.  4. 

If  the  balancing  point  appears  to  be  found  within  three  or  four 
bars  from  one  of  the  contacts,  the  precaution  should  be  taken  to 
test  its  correctness  by  moving  both  battery  contacts  one  bar  toward 
the  balancing  point.  If  the  trouble  was  between  the  battery  con- 
tacts when  in  their  previous  position,  this  shifting  of  the  con- 
tacts will  now  throw  the  balancing  point  clear  around  onto  the 
contact  which  was,  in  the  previous  position  farthest  away  from 
the  balancing  point.  If,  on  the  contrary,  the  balancing  point  re- 
mains unmoved  by  this  shifting  of  the  battery  contacts,  it  shows 
that  this  balancing  point  is  'the  point  nearest  the  real  ground,  and 
that  the  ear  was  deceived  in  its  first  supposed  approximation, 
which,  with  due  care,  however,  is  not  likely  to  occur. 

If  such  error  has  been  made,  the  new  point,  as  indicated,  to- 
gether with  first  the  bar  on  one  side  of  it,  and  then  on  the  other, 
must  be  tried  as  points  of  battery  contact ;  or,  much  better,  make 
a  new  start  with  the  contacts  nearly  at  opposite  sides  of  the  com- 
mutator and  proceed  as  before.  A  single  20,000  ohm  ground  on 
a  one  ohm  armature  should  be  located  accurately  in  not  over  three 
minutes,  in  a  quiet  room.  Higher  resistance  grounds  require 
more  battery  and  more  care.  Annatures  of  very  low  resistance 
also  offer  greater  difficulty. 

Where  two  grounds  are  found  to  exist,  as  indicated  by  the 
<^haQge  of  location  of  both  balancing  points,  under  the  conditiona 
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before  stated,  when  the  battery  contacts  are  shifted,  the  follow- 
ing mode  of  procedure  will  answer  the  purpose  well,  and  is  sim- 
ple. Fix  the  battery  contacts  at  any  two  points  of  the  commu- 
tator nearly  opposite  each  other,  preferably  at  points  to  be  deter- 
mined by  trial,  that  will  cause  the  balancing  points  to  fall  nearly 
diametrically  opposite  to  each  other,  and  determine  and  mark 
the  two  balancing  points,  as  then  shown.  Now  place  the  battery 
contacts  on  the  balancing  points  just  found.  If  only  one  ground 
exists,  the  two  balancing  points  and  one  battery  contact  will  all  be 
coincident  in  one  point.  If  two  grounds  exist,  both  balancing 
points  will  be  shifted  from  their  former  position.     Open  the  arm- 


(Analogue  to 
Fig.  3] 


Fig.  8. 


Fig.  4. 


ature  circuit  by  unsoldering  one  of  the  ends  of  a  coil  connecting 
with  the  lead  of  the  bar  that  is  marked  in  the  first  part  of  this 
test,  as  one  of  the  balancing  points.  Place  one  of  the  battery 
contacts  on  the  armature  shaft,  and  the  other  on  the  marked  bal- 
ancing point  that  is  farthest  from  the  point  where  the  circuit  has 
been  opened.  Next  place  one  telephone  terminal  on  the  first  bar 
to  the  right  of  the  opened  wire,  and  draw  the  other  terminal 
from  the  same  point,  toward  the  right,  over  the  surface  of  the 
commutator.  The  telephone  will  be  absolutely  silent  until  the 
moving  terminal  has  just  passed  the  ground  nearest  to  it,  and 
strikes  the  first  bar  beyond  the  same,  when  it  will  click.     This 
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ground  lies  in  the  coil  between  this  first  bar  giving  a  click  and 
the  one  passed  just  previously,  or  else  in  the  said  previous  bar. 

The  other  ground  is  obviously  to  be  located  in  a  similar  man- 
ner, by  placing  one  telephone  terminal  on  the  bar  just  to  the  left 
of  the  open  wire,  and  from  that  point  searching  toward  the  left 
with  the  other  terminal.  Only  in  cases  where  one  ground  is  of 
very  low,  and  one  of  very  high  resistance  will  any  difficulty  be 
experienced  in  locating  both  accurately  before  either  is  removed. 

The  coils  thus  indicated  may  have  their  terminals  unsoldered, 
when  it  can  be  readily  ascertained  with  each,  whether  the  ground 
be  in  the  coil  or  in  the  bar  just  preceding  it. 

If  scientifically  inclined,  or  if  otherwise  preferable,  the  circuit 
may  be  opened  at  a  point  somewhere  midway  between  the  two 
indicated  coils  instead  of  disconnecting  those  coils,  and  the  exact 
location  of  each  ground  determined  as  follows :  Take  a  piece  of 
*'  broom  wire  "  about  18  inches  long,  new  and  clean,  screw  the 
ends  firmly  into  two  clean,  brass  table  binding  posts,  and  into  the 
other  holes  of  the  same  posts,  screw  the  battery  terminals.  Have  an 
assistant  press  the  corners  of  the  bases  of  the  binding  posts  into 
very  firm  contact  with  the  two  bars  that  lie  at  the  ends  of  the 
indicated  coil,  observing  the  directions  previously  given  for 
securing  clean  contact.  Place  one  telephone  terminal  in  contact 
with  the  shaft,  and  with  the  other  find  the  balancing  point  on 
the  wire.  This  point  will  indicate  the  relative  position  of  the 
ground  in  the  coil,  or  commutator  bar,  as  the  case  may  be.  If 
more  than  two  grounds  were  susp^'cted,  the  two  lying  the  farthest 
apart  would  be  approximately  located  by  the  first  part  of  the 
two-ground  process,  and  if  these  coils  were  not  disconnected 
before  proceeding  farther,  it  would  be  well  to  make  two  openings 
in  the  circuit,  close  to  and  lying  between  these  outer  grounds, 
then  locate  definitely  these  two  extreme  grounds,  and  proceed 
with  the  remaining  section  somewhat  as  with  a  complete  arma- 
ture, except  that  you  would  commence  by  connecting  the  battery 
to  the  terminals  of  this  section,  and  would  then  bridge  the  tele- 
phone from  the  shaft  to  the  different  portions  of  the  section,  and 
would  complete  the  process  by  applying  the  remainder  of  the 
two-ground  test. 

In  dealing  with  a  cross-connected  Gramme  ring,  an  obvious 
<;hange  would  be  made  in  the  points  of  application  of  the  battery  j 
and  as  many  points  of  apparent  trouble  would  be  indicated  as 
there  were  series  of  cross-connections. 
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After  location  of  these  points  it  would  be  necessary  to  use  the 
auxiliary  wire  loop,  as  before  described,  between  these  points,  to- 
determine  which  is  nearest  the  trouble.  This  fact  being  deter- 
mined, it  would  in  case  of  a  single  ground  (indicated  by  the  per- 
manency of  the  balancing  point)  become  necessary  to  remove  the 
cross-connections  from  two  bars  before  proceeding  farther.  The 
auxiliary  wire  loop  would  properly  be  used  to  complete  the  pro- 
cess. 

The  ordinary  ''  closed  coil  "  ring  or  drum  armatures  are  types 
to  which  these  methods  are  directly  applicable. 

The  sections  of  open  coil  armatures  would  receive  the  same 
treatment  as  tield  coils. 

Familiarity  with  any  special  forms  of  armature  will  doubtless- 
suggest  to  the  ingenious  mind,  modifications  of  these  methods 
suited  to  those  forms,  but  it  would  be  improper  to  attempt  here 
to  deal  with  specialties  whose  names  are  legion. 

Where  wet  grounds  exist  it  will  always  be  better,  when  prac- 
ticable, to  dry  them  out  before  making  the  final  test,  as  certain 
sections  may  show  faults  which  will  not  be  permanent.  Wet 
grounds  will  of  course  give  a  click  in  the  telephone  when  bridged 
from  the  commutator  to  the  shaft  when  no  battery  is  attached, 
owing  to  galvanic  action  of  the  water  on  the  copper  winding 
and  the  iron  core. 

Whenever  necessary  to  deal  with  wet  grounds  in  testing,  it  is- 
better  to  make  at  least  four  tests,  reversing  the  battery  after  each 
test,  and  taking  the  mean  of  the  four  determinations. 

Field  coils,  also  any  wires  of  uniform  cross-section,  the 
extremities  of  which  are  accessible  and  within  a  reasonable 
distance  of  each  other,  can  of  course  be  easily  tested  for 
grounds  by  soldering  or  firmly  clamping  a  bare  wire 
of  suitable  size  between  the  extremities  of  the  conductor 
to  be  tested,  applying  a  battery  to  the  junctions,  and 
bridging  with  a  telephone  between  the  bare  wire  and  the 
object  upon  which  the  conductor  is  grounded.  This  will  give 
only  the  location  of  a  single  ground,  or  the  "resultant"  of  twa 
grounds.  A  "T.-H."  rheostat  should  have  the  battery  connected  to- 
the  two  extremities,  and  the  point  of  apparent  ground  determined 
by  bridging  with  a  telephone  between  the  frame  and  the  several 
contact  plates.  Then  apply  the  battery  to  the  frame  and  point 
of  apparent  ground,  connect  one  terminal  of  the  telephone  with 
each  extremity  successively,  and  search  from  it  toward  the  center 
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with  the  other  termiDal,  as  in  the  case  of  seardiing  for  two 
grounds  in  an  armature. 

In  determining  the  location  of  grounds  that  are  of  very  low 
resistance,  a  good  induction  coil  similiar  to  that  used  in  the 
Blake  transmitter  may  be  used  with  advantage  in  connection 
with  the  telephone  receiver.  The  receiver  is  placed  in  circuit 
with  the  secondary  of  the  coil,  and  the  "bridging"  is  done  witli 
the  primary.  With  high  resistance  grounds  the  best  results  are 
obtained  by  using  the  receiver  only. 


After  the  reading  of  Mr.  Gifford's  paper,  a  recess  was  taken 
until  8  p.  M. 

The  afternoon  was  devoted  to  an  inspection  of  the  power  house 
of  the  Niagara  Falls  Power  Company,  the  electric  plants  of  the 
Pittsburg  Redaction  Company,  and  of  the  Nianra  Falls  and 
Bu£Ealo  Electric  Light  and  Power  Company,  and  Qie  mill  of  the 
Niagara  Falls  Paper  Company. 


The  evening  session  was  called  to  order  at  8.20  p.  m.  by  Vice- 
President  Wm.  A.  Anthony,  when  the  following  inaugural 
address  was  delivered  by  President  Louis  Duncan : 
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Jnuugural  address  of  ths  President  before  the 
American  Institute  of  Electrical  Engineers^ 
Niagara  Falls ^  N.  K.,  June  ^,  /•S^f.  Vice- 
President  Anthony  in  the  Chair. 


THE  SUBSTITUTION  OF  ELECTRICITY  FOE  STEAM 
IN  RAILWAY  PRACTICE. 


BY    LOUIS    DUNCAN. 


In  an  address  delivered  before  this  Institute  in  June,  1892,  Mr. 
Frank  J.  Sprague  spoke  of  the  coming  development  of  electricity 
as  applied  to  railways,  and  outlined  his  views  as  to  the  direction 
of  this  development.  In  the  last  three  .years  great  extensions 
have  been  made  in  electrical  transportation,  and  it  seems  well  to 
review  briefly  the  amount  of  these  extensions  and  their  direction. 
In  this  paper  I  shall  consider  electric  traction  as  it  stands  at  pres- 
ent and  not  the  possibilities  of  the  future. 

In  the  last  seven  years  electricity  has  largely  taken  the  place 
of  horses  for  tramwa}^  work,  and  it  is  now  beginning  to  replace 
cables,  although  the  latter  have  been  recently  installed  at  great 
expense.  At  first  the  lines  were  confined  to  the  limits  of  towns 
and  cities,  but  they  have  been  extended  first  into  the  suburbs, 
and  then  to  neighboring  towns,  and  the  extensions  have  brought 
them  in  competition  with  the  steam  roads.  The  reports  of  the 
earnings  of  the  railroad  companies  in  the  United  States  show 
that  after  paying  fixed  charges  only  a  small  amount  of  the  net 
profit  remains  to  be  applied  to  dividends  on  the  stock.  Any  gen- 
eral decrease  in  the  earnings,  even  if  it  is  only  a  small  percent- 
age of  the  total  amount,  will  wipe  out  the  narrow  margin  that  is 
now  applied  to  dividends,  and  the  absorption  by  the  electrical 
lines  of  the  local  travel  formerly  conducted  by  the  steam  lines 
promises  to  do  this.  At  first  the  managers  of  the  larger  steam 
roads  ignored  the  growth  of  their  electrical  rivals,  but  the  time 
lias  come  when  they  can  no  longer  ignore  the  decrease  in  the 
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receipts  from  their  local  passenger  travel,  and  they  are  beginning 
to  face  the  difficulty  and  to  carefully  study  the  situation. 
In  this  paper  I  will  briefly  take  up  the  following  questions : 

1.  Given  a  railroad  system  at  present  operated  by  steam ;  will 
it  pay  to  change  entirely  to  electricity,  or  to  make  a  partial  sub- 
stitution, and  how  should  the  change  be  made? 

2.  If  entirely  new  lines  are  to  be  built,  is  it  likely  that  it  will 
pay  to  equip  them  electrically,  and  how  should  they  be  equipped  ? 

3.  I  will  describe  the  equipment  of  the  Baltimore  and  Ohio 
tunnel  plant  and  draw  from  it  what  morals  I  can. 

In  order  that  it  should  pay  a  railroad  to  make  a  change  in  its 
motive  power,  the  effect  of  the  change  must  be  either  to  increase 
the  receipts  or  decrease  the  expenses  by  an  amount  equal  to  the 
interest  on  the  first  cost  of  the  change.  That  is,  there  should  theor- 
etically be  such  a  gain  ;  practically,  the  amount  should  be  greater 
in  order  to  justify  the  change,  to  take  into  account  those  elements 
not  capable  of  exact  calculation,  and  also  the  fact  that  an  increase 
in  the  fixed  chaises  of  a  road  is  a  more  serious  matter  than  the 
mere  amount  of  it,  for  although  the  average  for  a  number  of 
years  might  show  a  gain  by  the  substitution  of  electricity  in  a 
bad  year  the  increased  fixed  charge  might  cause  difficulty. 

There  are  two  very  distinct  sides  to  the  question  of  transpor- 
tation, the  passenger  side  and  the  freight  side,  and  their  require- 
ments for  good  service  are  very  different. 

First,  taking  up  the  question  of  passenger  travel.  The  receipts 
of  a  road  are  increased  by  running  trains  at  short  intervals  and 
at  high  speeds,  and  this  is  a  condition  peculiarly  favorable  to 
electricity.  On  an  electric  line,  short  trains  equally  distributed 
over  the  track  give  a  greater  station  efficiency,  and  the  lowest 
cost  of  equipment  of  both  station  and  line.  The  cost  of  train 
service  is  somewhat  greater,  but  is  compensated  by  the  saving  in 
the  other  items. 

The  cost  of  hauling  a  given  number  of  passengers  between 
given  points  by  steam  is  greatlyyncreased  when  the  number  of 
trabis  is  increased.  The  efficiency  is  less,  and  the  cost  of  equip- 
ment and  of  train  service  is  greater.  Wellington  states  that 
doubling  the  number  of  engines  for  a  given  traffic  increases  the 
cost  of  transportation  about  50  per  cent. 

On  the  other  hand,  if  we  take  up  the  question  of  freight  traf- 
fic, the  conditions  of  greatest  economy  are  reached  when  trains 
of  a  maximum  weight  are  hauled  by  a  single  locomotive.     The 
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tendency  in  late  years  has  been  in  the  direction  of  increasing  the 
size  of  the  locomotive,  the  capacity  of  the  cars  and  the  length  of 
the  trains.     These  changes  have  necessitated  more  solid  and  ex- 
pensive road  beds,  heavier   rails  and  general   strengthening  of 
bridges.     The  outlay  has  been  enormous,  but  the  decreased  cost 
per  ton  mile  for  freight  transportation  has  shown  the  wisdom  of 
the  change.     On  one  of  the  larger  roads  which  publishes  careful 
yearly  statistics,  I  find  that  the  cost  of  transportation  per  ton  mile 
in  1870  was  1.15  cent,  and  in  1890 .56  cent ;  on  another  road  it 
was  1.9  cent  in  1864  and  .447  cent  in  1893.     The  number  of  tons 
per  train  mile  on  the  first  road  in  1870  was  103,  while  in  1890  it 
was  226.     In  attempting  to  carry  on  traffic  of  this  kind  by  elec- 
trical locomotives  operated  from  a  central  station,  we  find  that 
we  are  at  a  great  disadvantage  because  of  the  irregular  service 
necessitated  by  the  freight  traffic  and  the  unequal  distribution  of 
the  load  along  the  line.     Suppose,  for  instance,  that  there  were 
two  stations  supplying  the  line  and  that  the  traffic  was  uniformly 
distributed  along  it,  then  the  capacity  of  each  station  would  be 
one-half  of  the  total  required  capacity.     Suppose,  however,  that 
the  entire  traffic  was  concentrated  in  one  train,  then  each  station 
would  have  to  have  a  capacity  equal  to  the  total  power  required 
for  hauling  the  entire  traffic,  as  the  train  would  be  first  supplied 
from  one  station,  and  then  from  the  other.     The  line  also  would 
have  to  have  a  capacity  suitable  for  handling  the  total  traffic.    If 
a  number  of  heavy  trains  were  used,  and  the  traffic  was  irregular 
and  liable  to  be  congested  at  one  point,  as  in  the  case  of  freight 
service,  then  again  the  capacity  of  the  stations  would  have  to  be 
greater  than  that  required  to  supply  one-half  of  the  normal  traf- 
fic.    If  we  were  to  decide  to  transmit  the  current  to  a  longer 
distance  and  to  supply  all  the  track  from  one  station,  using  trans- 
former devices  along  the  line,  then  the  capacity  of  the  station 
itself  would  only  be  that  required  for  the  normal  traffic  of  the 
line,  but  the  transformer  devices  would  have  to  be  sufficient  to 
handle  the  maximum  traffic  of  the  section  which  they  supplied, 
and  would  have  to  be  given  a  capacity  greatly  in  excess  of  their 
average  load  in  order  to  supply  this  energy.     We  must  distinctly 
bear  in  mind  in  considering  the  application  of  electricity  to  steam 
roads,  that  any  departure  from  a  uniform  distribution  of  load 
along  the  line  will  increase  both  the  cost  of  equipment  and  the 
cost  of  operation. 

In  looking  over  the  reports  of  the  same  road  from  which  I 
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have  given  freight  statistics,  I  findthat  in  1870  the  receipts  per 
passenger  mile  were  2.09  cents,  while  the  expenses  were  1.59  cents. 
In  1890  the  receipts  were  1.9  cent,  while  the  expenses  were  1.47 
-cent.  During  this  period  the  passengers  per  train  mile  have  de- 
<;reased  from  79  to  59.  Comparing  these  figures  with  those 
given  for  freight  transportation,  we  find  that  the  two  types  of 
traffic  have  gone  in  opposite  directions  in  the  period  we  have 
been  considering.  The  amount  of  freight  transported  per  train 
mile  has  more  than  doubled,  and  the  expense  has  decreased  more 
than  one-half.  The  passengers  per  train  mile,  on  the  other  hand, 
have  decreased,  and  the  expenses  have  changed  only  a  slight 
amount,  notwithstanding  the  greater  economies  that  have  been 
put  in  force  in  the  interval.  Passenger  traffic  has  come  in  the 
direction  in  which  electricity  is  the  most  economical  for  trans- 
portation ;  freight  traffic,  on  the  other  hand,  has  gone  in  the  di- 
rection where*  electricity  becomes  most  costly.  It  might  be 
argued  that  some  new  scheme  for  freight  transportation  by  elec- 
tricity might  be  used,  but  it  would  be  difficult  to  devise  any  sys- 
tem more  economical  than  that  at  present  in  use,  and  the  great 
amount  of  through  traffic  on  freight  lines  precludes  the  possibil- 
ity of  devising  any  system  which  differs  radically  from  that  at 
present  in  use.  For  instance,  taking  the  figures  from  the  records 
of  the  Pennsylvania  Railroad  for  1893,  I  find  that  the  freight 
mileage  of  foreign  cars  on  the  lines  of  the  Pennsylvania  road 
east  of  Pittsburg  is  in  round  numbers,  370,000,000,  while  the 
freight  mileage  of  home  cars  is  436,000,000,  making  almost  46 
per  cent,  of  the  total  mileage  made  by  foreign  cars.  It  would 
seem,  then,  impossible  to  change  the  present  system  of  freight 
traffic  without  disorganizing  the  service  and  decreasing  the 
freight  revenue  of  the  road.  The  importance  of  freight  traffic 
is  shown  by  the  fact  that  the  earnings  from  freight  on  all  the 
roads  in  the  United  States  is  between  two  and  one-half  and  three 
times  as  great  as  that  for  passenger  traflSc.  The  New  York  Cen- 
tral Railroad  Company  in  1892  received  from  their  freight  traf- 
fic $26,000,000,  and  from  their  passenger  traffic  $13,000,000. 
On  the  lines  of  the  Pennsylvania  Railroad  east  of  Pittsburg  the 
freight  receipts  were  $47,000,000  as  against  $17,000,000  for  pas- 
senger receipts. 

Suppose,  then,  the  question  comes  up  before  the  managers  of 
a  road  as  to  whether  they  are  to  equip  their  lines  to  be  operated 
entirely  by  electricity.     It  seems  to  me  as  matters  now  stand  it 
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will  not  pay  trunk  lines  to  chunge  the  method  of  operation  for 
freight  traflSc,  and  the  question  to  be  considered  would  be  the 
operating  of  the  lines  partly  by  steam  and  partly  by  electricity. 
Let  us  consider  if  it  is  possible  to  run  the  passenger  service 
wholly  or  partly  by  electricity.  Considering  a  two  track  road  do- 
ing a  through  as  well  as  a  local  business,  I  think  we  can  decide  that, 
unless  the  case  bean  exceptional  one,  it  will  not  pay  to  equip  the 
main  line  electrically.  It  is  necessary  that  the  through  express 
service  be  continued  and  that  the  freight  service  be  continued, 
and  an  attempt  to  operate  the  local  trains  with  the  through  trains 
could  not  be  successful  if  there  was  any  considerable  amount  of 
through  traffic.  With  a  four-track  road  the  condition  of  affairs 
is  somewhat  different.  If  the  road  operates  between  cities  acting 
as  terminal  points  for  all  passenger  traffic,  as  with  some  of  the 
lines  between  Boston  and  New  York,  then  by  equipping  all  four 
tracks  it  would  be  possible  to  run  express  service  at  short  inter- 
vals on  two  of  the  tracks,  and  on  the  other  two  tracks  to  run 
freight  and  local  trains.  At  present  it  would  not  pay  to  use 
electric  locomotives  operated  from  a  central  station  for  the  freight 
service,  but  the  local  service  could  be  operated  electrically ;  and 
as  the  speecl  of  the  local  trains  would  be  approximately  equal 
to  that  of  the  freight,  there  need  be  no  serious  interference  with 
the  traffic.  We  would  then  have  express  passenger  service 
working  under  favorable  conditions — that  is,  with  a  number  of 
trains  evenly  distributed,  a  local  service  operated  under  similar 
favorable  conditions  and  with  no  interruption  to  the  freight 
traffic.  If  the  road,  however,  is  to  transport  a  considerable 
number  of  foreign  cars  as,  for  example,  the  New  York  Central 
or  the  Pennsylvania  railroad,  then  the  condition  of  affairs  for 
express  service  would  not  be  so  favorable,  and  the  question  of 
the  equipment  of  the  tracks  for  express  service  would  have  to 
be  carefully  considered.  As  far  as  the  branch  lines  go,  whether 
it  would  pay  to  partially  or  wholly  substitute  electricity  for 
steam  depends  upon  the  local  conditions.  A  long  branch  with 
a  small  amount  of  local  traffic  it  would  not  pay  to  equip,  but  on 
a  short  branch  with  considerable  passenger  traffic  and  compara- 
tively little  freight  traffic  such  equipment  would  pay.  I  find 
that  in  1892  the  total  number  of  through  passengers  carried  by 
the  New  York  Central  road  was  234,650,  while  the  number  of 
local  passengers  was  21,978,979,  It  will  be  seen  that  the  through 
traffic  is  but  a  small  percentage  of  the  total  number  of  passengers, 
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and  that  the  question  of  preserving  the  local  traffic  is  of  great 
importance*  Now  the  greater  part  of  this  local  traffic  will,  in 
the  next  few  years,  be  taken  by  the  electric  roads  paralleling 
the  steam  road,  nnless  some  effort  is  made  either  to  control  the 
electric  roads  or  to  give  an  equally  good  service  between  ad- 
jacent towns.  This  latter  is  possible,  using  the  ordinary  steam 
tracks,  only  when  the  distances  between  towns  are  small,  and  the 
amount  of  freight  or  through  traffic  is  also  small. 

There  are  certain  kinds  of  local  traffic  which  the  steam  roads 
must,  to  a  large  extent,  lose,  and  which  in  the  nature  of  things 
they  cannot  regain.  In  large  cities  having  a  considerable  subur- 
ban traffic  the  trolley  roads,  forming  as  they  do  a  network  of 
lines  >vithin  the  city  and  extending  in  every  direction  into  the 
suburbs,  offer  advantages  with  which  the  steam  roads  cannot 
compete.  In  Philadelphia  one  of  the  large  steam  lines  lost  so 
much  traffic  that  it  has  attempted  to  regain  it  by  reducing  prices 
and  increasing  the  number  of  trains.  In  this  effort  it  has  partly 
succeeded,  but  at  the  cost  of  greater  expense  and  decreased  re- 
ceipts. To  counterbalance  this  loss  at  central  points  railroads 
may  hope,  by  the  introduction  of  electricity,  to  increase  their 
earnings  along  the  lines  and  on  their  branches. 

As  to  the  nature  of  the  equipment  that  will  be  required,  it 
would  depend  on  the  work  to  be  done  and  the  branch  that  is  to 
be  equipped.  In  some  cases  it  might  be  well  to  use  single  elec- 
tric cars  running  on  the  steam  tracks  between  towns,  and  on  the 
local  .tram  lines  in  the  towns.  As  the  speed  would  be  very  dif- 
ferent in  the  town  and  on  the  railroad  line,  and  as  the  voltage 
could  also  be  different,  it  would  be  well  in  this  case  to  use  a 
number  of  motors  on  the  car,  and  to  use  a  series  parallel  con- 
troller, the  motors  being  in  series  for  the  town  traffic.  For  in- 
stance, suppose  we  wish  to  run  at  a  maximum  speed  of  40  miles 
per  hour  between  two  towns,  and  it  is  economical  to  use  1,000 
volts  on  the  line,  we  could  use  two  motors  on  the  car,  run  them 
in  parallel  on  the  main  line  at  a  speed  of  40  miles  per  hour, 
while  in  town,  with  a  voltage  of  500.  we  could  run  them  in 
series  at  a  speed  of  10  miles  per  hour.  I  can  hardly  imagine 
a  case  where  the  three-wire  system  could  be  economically  used 
for  such  service  on  the  steam  lines. 

The  condition  of  affairs  in  electric  transportation  is  at  present 
curious.  The  trolley  companies,  by  extending  their  lines,  are 
working  from  tramway  transportation  to  through  transportation. 
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They  are  attacking  the  problem  by  development  from  small 
motors  to  larger  ones.  The  railroad  companies  starting  with  the 
large  units  are  coming  down  in  the  direction  of  the  present 
trolley  systems,  as  in  the  case  of  the  Nantasket  Beach  road  of 
the  New  York,  New  Haven  &  Hartford  company.  Perhaps  in  the 
future  they  will  meet,  and  some  standard  electrical  system  will  be 
adopted  for  the  present  steam  road.  I  think  then,  that  in  the 
case  taken  up,  the  policy  of  the  road  will  be  to  equip  those 
branches  for  which  the  conditions  are  favorable,  with  a  trolley,  nin 
comparatively  large  motor  cars  capable  of  drawing  one  or  two 
ordinary  passenger  or  freight  cars  as  trailers,  using  the  present 
steam  service  for  their  freight  traflSc  when  necessary.  This  will 
allow  the  necessary  through  travel,  will  give  the  required  local 
service  between  towns,  and  will  not  interfere  with  the  freiglit 
traffic. 

As  for  the  systems  to  be  used  for  such  services,  1  believe  that 
at  the  present  moment  the  continuous  current  overhead  trolley 
system  is  the  only  one  that  can  be  selected  with  a  certainty  of 
successful  operation.  It  gives  a  minimum  complication  in  the 
way  of  conveying  the  current  to  the  cars,  it  allows  a  considerable 
range  of  speed  with  a  comparatively  high  efficiency,  and  our  ex- 
perience with  it  is  such  that  successful  operation  could  be  at  once 
guaranteed.  By  using  different  voltages  in  the  towns  and  on 
the  line,  both  high  and  low  speeds  can  be  obtained.  If  the  line 
to  be  operated  is  to  be  very  long,  it  might  be  best  to  use  rotary 
transformers  at  different  sub-stations  along  it,  the  line  being  sup- 
plied by  continuous  currents  from  the  sub-stations.  In  fact,  the 
three  systems  that  are  at  present  possible  are :  First,  the  ordinary 
direct  current  system  ;  second,  a  system  in  which  direct  currents 
are  used  on  the  line  and  rotary  transformers  supplied  by  alter- 
nating currents  are  placed  along  it,  and  third,  a  two  or  three- 
phase  system  supplying  rotary  field  motors  on  the  cars.  In  the 
latter  case  it  would  be  well  to  employ  different  periods  in  the 
towns  and  on  the  lines. 

The  second  case  which  I  wish  to  consider,  is  that  of  roads  built 
for  an  entirely  new  electrical  equipment  such,  for  instance,  as 
the  elevated  roads  in  Chicago  and  the  underground  rapid  transit 
road  in  New  York,  or  the  proposed  Washington-Baltimore 
Boulevard  line.  In  most  of  these  cases  the  traffic  is  almost  en- 
tirely a  passenger  traffic,  and  the  conditions  are  especially  favor- 
able for  the  operation  of  electricity.     Taking,  first,  the  case  of 
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the  Ne:w  York  underground  road,  there  will  probably  be  required 
about  150  trains  for  local  service,  each  train  having  five  ordinary 
cars  and  a  motor  car.  For  the  express  service  there  would  be 
about  25  trains  of,  say,  four  ordinary  cars  with  a  motor  car.  For 
this  it  would  probably  be  best  to  use  the  direct  current  three- 
wire  system,  one  of  the  cars  on  the  train  being  equipped  with 
motors  and  acting  as  a  locomotive.  With  four  motors  on  a  car, 
the  system  would  be  efficient  at  all  practical  speeds,  and  if  de- 
sired, a  large  part  (»f  the  energy  could  be  thrown  back  on  the 
line  when  the  cars  are  being  stopped.  In  the  case  of  the  local 
trains,  a  simple  calculation  will  show  that  a  very  small  part  of 
the  total  energy  expended,  is  used  in  overcoming  the  track  re- 
sistance, while  a  very  considerable  part  is  employed  in  accelerat- 
ing the  train  and  afterward  wasted  by  braking.  \  have  calcu- 
lated the  amount  of  energy  which  can  be  practically  saved  under 
the  conditions  of  local  and  express  traffic  on  the  New  York 
underground  road,  and  find  that  with  motors  of  ordinary  effici- 
ency about  45  per  cent,  can  be  returned.  If  storage  batteries  are 
used  in  connection  with  the  central  stations,  the  batteries  being 
located  along  the  line,  a  uniform  load  can  be  thrown  on  the  sta- 
tions, and  their  capacity  may  be  reduced  to  almost  one-half,  as 
compared  with  a  system  in  which  the  energy  is  not  returned,  thus 
greatly  decreasing  both  the  expense  of  installation  and  of  opera- 
tion. As  it  is  possible  at  present  to  obtain  batteries  with  a  rapid 
discharge  rate  at  very  reasonable  prie^es  and  with  a  guarantee  for 
repairs,  that  place  them  well  within  the  limit  of  commercial  cal- 
culations, a  system  of  this  kind  offers  some  advantages  over  any 
other  system  that  could  be  applied  to  the  operation  of  the  under- 
ground road.  An  alternating  current  would  hardly  be  econom- 
ical for  this  work,  as  it  precludes  the  possibility  of  returning  the 
energy  to  the  line,  and  as  the  variable  speed  required  makes  it 
uneconomical  as  compared  with  the  direct  current  system  using, 
say,  four  motors  with  series  parallel  control.  In  the  case  above 
cited,  shunt  motors  would  be  used,  and  it  would  be  possible  to 
get  a  contact  with  the  line  that  could  not  under  any  circumstances 
be  broken.  The  case  of  the  elevated  roads  is  very  similar  to 
the  one  I  have  cited,  except  that  in  existing  structures  shorter 
trains  would  be  used,  and  the  cost  of  equipment  for  a  given 
number  of  cars  would  be  somewhat  greater. 

Baltimore  has  l)een  the  pioneer  in, almost  every  branch   of 
transportation.     In  ocean  service,  the  record  of  the  Baltimore 
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clipper  is  a  tradition  of  our  maritinie  supremacy.  The  Balti- 
more &  Ohio  railroad  was  the  pioneer  steam  road.  An  electric 
road  from  Baltimore  to  Hampden,  built  in  1885,  gives  us  a  right 
to  boast  of  our  pioneer  work  in  electrical  tramways.  The  im- 
mense locomotive  for  the  Baltimore  Belt  line  tunnel  is  the 
first  instance  of  the  direct  displacement  of  steam  by  electricity, 
and  the  line  over  which  it  is  to  be  operated  is  the  first  through 
steam  line  to  be  equipped  electrically.  The  Baltimore  &  Co- 
lumbia Railway  Company  owns  in  Washington  the  Eckington 
and  Soldiers'  Home  Railroad  and  the  Belt  Line  railroads  and 
has  franchises  for  extensive  additions  to  their  present  mileage. 
In  Baltimore  they  are  constructing  a  road  in  the  city  and  beyond 
it  to  Ellicott  City,  and  they  have  also  purchased  a  steam  line 
running  from  Baltimore  to  Catonsville.  They  have  rights  of 
way  from  the  terminus  of  their  Baltimore  lines  to  the  lines  they 
own,  and  are  preparing  to  build  in  the  District  of  Columbia. 
The  problem  offered  is  not  a  simple  one,  but  it  is  one  of  the 
most  attractive  that  can  be  presented  to  electrical  engineers. 
Speeds  of  60  miles  per  hour  are  to  be  used  for  the  cars  outside 
of  the  city  limits,  and  within  the  city  limits  ordinary  speed  is  to 
be  employed.  In  the  District  of  Columbia,  overhead  trolley 
lines  are  not  allowed  and  some  type  of  conduit  will  have  to  be 
employed.  In  fact,  there  is  presented  almost  every  problem 
which  must  be  solved,  if  electricity  is  to  displace  steam  in  the 
future  with  the  same  rapidity  that  it  has  done  in  the  past.  Many 
high-speed  electric  roads  have  been  projected,  a  number  of  them 
occupying  considerable  space  in  the  newspapers,  but  I  think  this 
road  will  be  the  first  to  solve  the  detailed  problem  of  interurban 
rapid  transit. 

The  last  subject  which  I  wish  to  take  up  is  the  electric  plant 
for  the  Belt  Line  tunnel  of  the  B.  &  O.  railroad.  In  this  case 
there  is  no  question  of  economy  in  the  employment  of  the  elec- 
trical locomotives,  as  the  plant  adds  considerably  to  the  cost  of 
operating  the  road.  The  Belt  Line  tunnel  runs  beneath  the 
city  of  Baltimore  for  a  distance  of  one  and  one-quarter  miles, 
then  to  the  outskirts  of  town  through  open  cuts  and  short  tun- 
nels. There  is  a  grade  of  .8  of  one  per  cent  over  almost  the 
entire  length  of  the  tunnel  proper,  while  one-half  mile  beyond 
it  there  is  a  grade  of  one  and  one-lialf  per  cent.  Being  in  the 
middle  of  town  it  would  have  been  difficult  to  have  provided 
a  satisfactory  ventilating  plant,  even  supposing  that  ventilating 
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plants  had  been  succeflsful  in  other  localities,  which  is  not  the 
case.  The  managers  of  the  B.  &  O.  Bailroad  Company  wished 
to  provide  a  satisfactory  service,  and  considered  a  number  of 
plans  for  drawing  their  trains  through  the  tunnel  without  the 
annoyance  due  to  smoke  and  gases.  After  careful  consideration, 
they  concluded  that  electricity  was  the  most  satisfactory  means 
to  accomplish  this,  and  the  General  Electric  Company  was  con- 
fident enough  of  its  ability  to  successfully  equip  the  road  to 
make  a  contract  with  the  B.  &  O.  company  to  haul  its  trains 
over  the  Belt  line,  the  contract  being  dependent  upon  the  suc- 
cessful operation  of  the  plant.  The  total  length  of  the  line 
equipped  is  about  three  miles,  the  extension  beyond  the  tunnel 
being  for  the  parpose  of  assisting  the  freight  locomotives  to  liaul 
their  trains  up  the  one  and  one-half  per  cent  grade  on  the  line 
beyond  the  tunnel.  There  are  to  be  three  locomotives,  and  it  is 
calculated  that  the  traffic  can  ordinarily  be  handled  by  two  of 
them.  The  steam  engines  are  not  to  be  taken  off  the  train,  but 
hauled  through  the  tunnel  by  the  electric  locomotive  which 
switches  off  at  the  terminus  of  the  line.  To  operate  these 
machines,  a  station  has  been  erected  which  contains  3,000  horse- 
power of  electric  generators,  and  an  overhead  line  has  been 
equipped  to  transmit  the  current  to  the  locomotives.  With  re- 
spect to  the  station  itself,  there  is  little  that  is  novel.  There 
are  four  TSO-horse  power  Allis-Corliss  engines  directly  coupled 
to  generators  of  the  same  capacity,  the  generators  having  a  volt- 
age of  600  at  no  load,  and  700  at  full  load.  The  foundations 
have  been  partly  erected  for  a  fifth  unit  in  case  it  is  found  neces- 
sary. The  building  also  contains  a  lighting  plant  having  a  capa- 
city for  400  arc  lights,  and  four  thousand  16-candle-power  incan- 
descent lights.  Provision  has  also  been  made  for  an  extension 
to  this  lighting  plant  when  the  stations  for  the  Belt  Line  are 
erected.  There  are  two  incandescent  machines,  and  one  of  them 
will  be  used  to  supply  the  one  thousand  32-candle  power  lamps 
which  have  been  installed  in  the  tunnel.  Perhaps  the  most 
novel  feature  of  the  plant  is  the  overhead  structure  that  is  em- 
ployed. The  conditions  to  be  met  were  peculiarly  difficult,  and 
the  ordinary  under-running  trolley  was  considered  impracticable. 
The  tunnel  is  very  low  in  places,  and  the  management  of  the 
road  decided  that  the  conductors  could  not  be  placed  over  the 
cars,  but  should  be  placed  in  the  middle  of  the  tunnel  between 
the  tracks.     Outside  of  the  tunnel  the  conductor  is  still  between 


Digiti 


ized  by  Google 


278  DUNCAN  ON  ELECTRIC  RAILWAY  PRACTICE.    [June  25 

the  tracks,  but  is  elevated  to  a  height  of  22  feet,  while  inside  of 
the  tunnel  it  is  only  17  feet  from  the  top  of  the  rail.  The  con- 
ductor consists  of  an  iron  trough  made  of  two  Z  bars  riveted  to 
a  cover  plate  12  inches  wide,  leaving  a  slot  one  inch  wide  be- 
tween the  Z  bars.  In  the  tunnel  this  trough  is  supported  from 
transverse  channel  bars  secured  to  expansion  bolts  which  are 
fastened  in  the  top  of  the  tunnel.  There  is  a  double  insula- 
tion, one  porcelain  insulator  being  between  the  trough  and  the 
channel  bars,  and  another  between  the  channel  bars  and  the  ex- 
pansion bolts.  Outside  the  tunnel  the  trougli  is  supported  as 
follows :  At  distances  of  150  feet,  light  iron  columns  with  cross 
trusses  are  erected,  and  between  these  trusses  are  hung  eatenaries 
supplied  with  a  number  of  suspension  bolts.  Transverse  chan- 
nels similar  to  those  used  in  the  tunnel  are  fastened  to  these 
bolts,  and  the  trough  is  fastened  to  the  channels.  The  Z  bars 
are  made  in  lengths  of  30  feet,  the  opposite  bars  breaking 
joints  with  one  another,  the  lengths  being  riveted  together  and 
then  bonded  with  "  Chicago "  rail  bonds.  Suspended  on  the 
same  transverse  beams  as  the  trough,  are  three  copper  cables  of 
1,000,000  circular  mils  area,  which  serve  as  feed  wires,  and  which 
are  connected  at  intervals  with  the  trough,  there  being,  of  course, 
one,  trough  for  each  track.  For  the  return  circuits  the  tracks 
are  bonded  as  in  ordinary  railroad  worjk,  there  being  cross  bonds 
and  at  intervals  connections  with  a  copper  cable  of  1,000,000 
circular  mils  area  carried  in  a  wooden  trough  between  the  tracks. 
The  contact  arrangement  that  is  to  be  used  consists  of  a  brass 
shoe  traveling  in  the  trough,  and  connected  with  the  locomo- 
tive by  a  flexible  saw-buck  arrangement  which  has  a  very  con- 
siderable range  in  every  direction.  The  current  is  transmitted 
to  the  motors  by  a  copper  cable,  and  in  case  of  the  shoe  sticking 
in  the  trough,  a  safety  pin  is  arranged  to  break  with  any  desired 
strain.  Where  switches  are  used,  there  is  a  tongue  worked  by 
the  lever  which  operates  the  track  switch,  and  which  serves  to 
direct  the  shoe.  This  structure,  although  exceedingly  massive 
and  expensive,  promises  to  give  an  excellent  contact  at  all  times, 
and  it  requires  no  care  from  the  motorman. 

The  locomotives  are  the  most  massive  in  the  history  of  either 
steam  or  electrical  transportation,  and  the  weight,  which  amounts 
to  95  tons,  is  on  eight  driving  wheels,  so  that  the  full  tractive 
power  of  the  locomotive  will  be  developed.  On  each  axle  there 
18  sleeved  a  6-pole  motor,  there  being  considerably  play  between 
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the  axle  and  the  sleeve,  which  latter  is  spring-supported  from  the 
frame.  In  this  way  any  heavy  blow  due  to  irregularities  in  the 
track  is  taken  through  the  springs,  and  the  wear  both  of  the  track 
and  locomotive  is  reduced.  On  the  armature  shaft  are  project- 
ing arms  which  move  between  lugs  cast  on  the  wheels,  thus 
allowing  the  necessary  relative  motion  between  the  axle  and 
armature. 

The  situation  in  the  Baltimore  Belt  line  plant  is  this :  The 
station  is  completed,  and  is  being  operated  daily.  One  of  the 
locomotives  is  on  the  ground  set  up  and  ready  to  run,  and  the 
overhead  work  is  finished  with  the  exception  of  a  short  length 
which  was  interfered  with  by  a  temporary  bridge  over  a  cut. 
The  latter  has  been  removed,  and  the  plant  should  be  ready  to 
run  this  week. 

If  this  equipment  proves  successful,  it  will  open  a  limited  but 
important  field  for  the  introduction  of  large  electric  locomotives. 
There  are  in  the  United  States  a  number  of  tunnels  whose  opera- 
tion is  anything  but  satisfactory  at  present,  which  can  be  equip- 
ped as  the  Baltimore  tunnel  is.  Not  only  would  the  economy  of 
the  station  be  increased,  but  the  substitution  of  electric  for  steam 
switching  engines  would  result  in  a  very  considerable  saving. 

This  is  the  last  of  the  subjects  that  I  proposed  to  consider.  In 
tliis  paper  I  have  not  indulged  in  prophecy,  nor  have  I  imagined 
any  apparatus  or  equipment  which  cannot  be  bought  to-day  in 
the  open  market.  But  to  me  it  seems  that  the  present  is  a  crisis 
in  the  history  of  railroading.  Up  to  the  present  the  steam  roads 
have  ignored  the  competition  of  electric  roads,  or  they  have 
fought  them.  To-day  they  cannot  afford  to  do  either.  In  a  few 
years  electric  roads  will  have  absorbed  practically  all  of  the  local 
traffic  and  will  begin  to  cut  into  through  transportation.  The 
steam  roads  cannot  afford  this,  and  their  only  safety  is  to  make 
of  electricity  an  ally  instead  of  an  enemy,  and  this  before  it  is  too 
late. 

The  conclusions  that  I  finally  reach  are  : 

1.  The  tendency  of  passenger  transportation  on  the  steam  lines 
has  been  in  the  direction  of  the  greatest  electrical  economy,  while 
the  tendency  of  the  freight  transportation  has  been  in  the  direc- 
tion of  the  least  electrical  economy. 

2.  It  will  not  pay  any  through  line  with  considerable  traffic, 
having  two  tracks,  to  equip  their  main  tracks  electrically. 

3.  With  four-track  roads  it  will  pay  to  equip  all  of  the  tracks 
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electrically  unless  a  considerable  portion  of  the  business  is  through 
passenger  traffic. 

4.  It  will  pay  all  the  larger  roads  either  to  equip  a  number  of 
their  branch  lines  electrically,  or  to  control  competing  electric 
lines. 

5.  In  order  to  remain  on  a  dividend  paying  basis,  it  is  impera- 
tive that  most  of  the  two-track  lines  either  build  additional  tracks, 
or  control  the  electric  railroads  that  parallel  them. 

6.  Believing  that  ultimately  all  of  the  traffic  will  be  done  by 
electricity,  it  is  imperative  that  the  managers  of  steam  roads  keep 
in  touch  with  electrical  progress. 


Discussion. 

Vioe-Peesidknt  Anthony  : — I  think  it  has  not  been  customary 
to  discuss  an  inaugural  address,  but  the  nature  of  this  one  is  such, 
that  doubtless  some  would  like  to  comment  upon  it,  and  I  under- 
stand that  Dr.  Duncan  wishes  you  to  express  your  minds  freely. 
The  paper  is  open  for  discussion. 

Mr.  Stbinmetz  : — ^While  I  shall  not  be  able  to  discuss,  and  still 
less  to  criticise  this  paper,  I  desire  to  add  a  few  remarks  in  con- 
nection with  one  point  that  has  been  brought  out  by  Dr.  Duncan, 
namely,  the  different  methods  of  operating  electric  railway 
motors. 

There  are  mentioned : 

1st.   The  continuous  current  system. 

2nd.  The  continuous  current  motor  operated  from  an  alterna- 
ting main  line  by  means  of  rotary  converters. 

3rd.  The  alternating  current  motor. 

I  think  it  may  be  oi  some  interest  to  investigate  the  limits  of 
application  of  these  different  systems,  and  find  out  in  which  case 
tne  one,  and  in  which  case  the  other  is  preferable. 

All  electric  roads,  as  far  as  they  are  in  operation  to-day,  or  as 
we  expect  to  see  them  introduced  in  the  near  future,  belong  under 
the  following  classes : 

Ist.  Surface  roads  in  the  interior  of  cities. — On  these  roads 
the  continuous  current  railway  motor  with  overhead  trolley  and 
ground  return,  operating  at  a  potential  of  500  to  600  volts,  is  used 
practically  witliout  any  exception.  Only  very  few  roads  use 
either  an  underground  conduit  or  a  double  trolley.  On  city  sur- 
face roads  there  is  at  present  no  hope  of  seeing  the  continuous 
current  motor  replaced  by  any  other  method  of  electric  propulsion, 
since  the  continuous  current  motor  has  proved  itself  entirely  satis- 
factory under  the  conditions  of  such  a  road,  and  the  distances  are 
such  tnat  they  can  easily  be  reached  by  550  volts,  or  a  three-wire 
system  with  1,100  volts  between  the  outside  wires.     The  double 
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trolley  required  with  alternating  current  motore,  practically  ex- 
cludes them  from  such  roads  with  many  switches  and  cross-overs. 

Only  in  underground  conduit  roads  can  the  alternating  current 
motor  be  expect^  to  find  an  application  on  city  surface  roads. 
The  double  trolley  in  this  case  is  no  objection,  since  conduit  roads 
operate  usually  with  double  trolley,  and  the  alternating  current 
system  offers  in  this  case  the  advantage  of  permitting  very  low 
voltage  at  the  trolley  lines,  due  to  the  possibility  of  feeding  by 
stationary  transformers.  Thus  we  mav  expect  to  see  the  alter- 
nating current  motor  introduced  on  conduit  roads. 

2nd.  The  second  application  of  the  electric  motor  is  to  elevated 
roads. — Here  the  continuous  current  series  motor  is  just  being 
introduced,  and,  as  far  as  I  can  see,  I  do  not  believe  that  there  is 
any  hope  at  present  of  replacing  it  witli  the  alternating  motor, 
due  to  the  particular  nature  of  the  elevated  road  service,  where 
trains  never  run  at  full  speed.  Take  as  an  instance  the  Man- 
hattan elevated  road  in  New  York.  Excluding  express  trains,.! 
do  not  believe  that  on  this  road  a  train  ever  runs  at  full  speed, 
because  before  it  has  reached  that  point  it  has  already  approached 
so  near  to  the  next  station  that  it  has  to  slow  down.  Now  you 
see  very  readily  that  the  alternating  current  motor,  while  it  can 
operate  at  its  proper  speed  with  very  high  efficiency,  and  can  get 
any  starting  toraue  desired,  nevertheless  does  not  give  this  flexibility 
of  speed,  but  while  accelerating,  has  to  run  on  the  rheostat,  and 
thus  does  not  give  the  same  emeiency  as  tlio  continuous  current 
motor  under  the  same  condition.  For  this  reason  the  alternating 
current  motor  is  less  suited  for  elevated  roads,  the  more  so,  since 
the  main  advantage  of  the  alternating  current  system,  the  oppor- 
tunity of  feeding  by  means  of  stationary  transformers,  is  of  no 
essential  value  for  elevated  roads  which  are  of  moderate  length, 
and  have  a  very  heavy  traflSc ;  and  where  it  is  thus  possible,  with  a 
comparatively  small  investment,  to  feed  the  road  by  continuous 
current  at  600  to  700  volts,  or  even  more,  from  one  or  a  few 
power  stations.  Thus,  these  two  fields  of  application  will  be  held 
by  the  continuous  current  motor  for  a  long  time  to  come. 

8rd.  Another  field  in  which  the  electric  railway  motor  is  rapidly 
gaining  is  in  the  svhurban  and  interwrhan  traffic^  or  those  lines 
which  extend  from  the  city  roads  tar  out  in  the  country,  or  con- 
nect adjacent  cities,  as  for  instance  the  net  work  of  railways 
stretching  out  from  New  York  City  along  the  Hudson  and  East 
Rivers,  or  from  Boston  out  to  Lvnn,  Salem,  Dorchester,  etc. 

If  the  length  of  these  roads  becomes  considerable,  it  becomes 
impossible  to  feed  by  continuous  currents  from  one  central  sta- 
tion, and  thus  some  other  method  becomes  necessary.  Either 
you  have  to  put  frequent  power  stations  along  the  road,  which  is 
to  say  the  least,  awkward  and  inconvenient,  or  you  have  to  use 
alternating  current,  and  in  the  latter  case  two  possibilities  exist : 
either  continuous  current  motors  on  the  cars,  supplied  by  rotary 
converters  from  alternating  main  lines,  or  alternating  motors  on 
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the  card  supplied  by  stationary  transformers.  Both  of  these 
methods  offer  advantages  and  disadvantages. 

The  system  of  rotary  converters  has  the  advantage  of  allowing 
the  use  of  a  standard  continuous  current  railway  motor  which  is 
able  to  run  over  the  city  lines  also,  so  that  the  same  car«)  and  mo- 
tors can  be  used  on  city  surface  roads  and  suburban  and  inter- 
urban  roads,  the  rotary  converter  merely  taking  the  place  of  a 
supplementary  central  station.  However,  in  general  the  speed 
at  which  the  suburban  roads  are  operated  will  w  higher  dian  the 
speed  of  city  roads,  and  thus  for  this  reason  special  motors,  that 
is.  special  cars  will  be  required.  Furthermore,  the  use  of  a  com- 
mutator makes  it  desirable  not  to  exceed  500  to  600  volts  at  the 
motor.  This  voltage  means  a  frequent  use  of  rotary  converters 
along  the  road,  which  is  objectionable,  since  the  rotary  converter 
as  revolving  machinery,  requires  some  attention  and  supervision, 
that  is,  in  reality  constitutes  a  substation. 

The  altemattng  current  motor  has  the  disadvantage  of  requir- 
ing a  double  trolley.  This  may  not  be  very  objectionable  on 
suburban  roads  with  few  switches  and  crossing*.  It  has,  how- 
ever, the  essential  advantage  of  running  at  a  fairly  constant  speed, 
independent  of  the  load,  and  will  not  race  when  running  down 
hill,  out  will  in  this  case  return  the  power  as  generator  into  the 
line ;  nor  will  it  slow  down  when  climbing  hills.  This  is  quite  a 
valuable  feature  in  single  track  roads,  where  at  present  with  the 
continuous  current  motor  the  car  going  down  hill  has  usually  to 
wait  on  the  switch  for  the  car  going  up  hill.  Furthermore,  the 
alternating  current  motor  is  more  reliable  in  its  operation,  and 
since  the  alternating  main  current  enters  the  motor  field  only, 
which  is  stationary,  a  higher  voltage  is  permissible,  that  is  a  greater 
distance  between  the  supply  transformers.  The  main  advantage, 
however,  is  the  possibility  of  feeding  the  line  by  stationary  trans- 
formers, which  need  no  supervision,  but  are  to  be  considered 
merely  as  a  part  of  the  feeders.  Thus,  on  these  roads,  wherever 
it  is  not  absolutely  essential  to  run  the  same  cars  over  continuous 
current  city  roads,  the  use  of  alternating  current  railway  motors 
on  the  car,  supplied  from  an  alternating  current  trolley  line,  will 
be  preferable  to  the  system  of  rotary  converters. 

4th.  A  further  field  for  electric  railroading  is  to  be  found  in 
hi^hrspeed,  long-distance  roads  for  mostly  passenger  traffic,  con- 
necting impoitant  cities.  Thus  far  nothing  nas  been  done  in  this 
line,  although  considerable  discussion  has  taken  place.  I  am  sure 
that  the  future  will  bi  ing  such  roads.  It  is  obvious  that  in  this  case 
only  alternating  current  motors  are  applicable,  mounted  directly 
on  the  axles  and  fed  from  high  potential  mains  by  transformers. 
The  speed  of  these  roads  must  be  very  high,  since  steam  locomo- 
tives nave  already  reached  a  speed  of  about  100  miles  an  hour, 
and  there  would  be  no  demand  K)r  the  electric  motor  if  it  did  not 
offer  an  essential  advantage  over  the  steam  locomotive,  and  such 
advantage  can  only  be  found  in  the  possibility  of  using  very  h'gli 
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speeds,  due  to  the  absence  of  reciprocating  motion.  Thus  speeds 
of  150  miles  per  hour  maximum,  with  an  average  speed  of  100  to 
120  miles  per  hour,  will  be  just  as  safe  as  the  present  steam  loco- 
motive speeds. 

The  objection  has  frequently  been  raised  against  the  alternating 
current  motor  for  railway  servicte,  that  it  does  not  give  sufficient 
starting  torque.  This  objection  holds  no  longer,  for  the  starting 
torque  of  alternating  induction  motors,  for  instance  of  the  three- 
phase  type,  far  exceeds  that  of  the  continuous  current  motor.  Theo- 
retically this  is  easy  to  understand.  The  torque  of  a  motor — starting 
torque  as  well  as  running  torque — is  proportional  to  the  product 
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FiQ.  l.—G.  E.  I.  Three-phase  Railway  Motor.  Drawbar  pull  with  88'  Wheels 
and  Two  Motors  per  Car. 

of  armature  current  into  iield  magnetism.  In  the  continuous 
current  motor  at  normal  running,  the  field  must  be  fairly  near 
saturation.  Thus  an  increase  oi  field  magnetism  is  possible  to  a 
limited  extent  only,  and  an  increased  torque,  therefore,  requires 
a  nearly  proportional  incre^uBC  of  current.  In  the  alternating 
current  motor,  however,  the  field  is  very  far  from  saturation  at 
normal  running,  and  thus  can  in  emergencies — as  when  starting 
on  a  curve  or  when  climbing  heavy  grades — be  doubled  and 
tripled.  Therefore,  to  get  four  times  the  torque  in  the  alterna- 
ting current  motor,  by  means  of  doubling  the  field  strength,  only 
twice  the  current  will  be  required,  while  the  continuous  current 
motor  probably  requires  three  or  more  times  the  current. 


Digitized  by 


Google 


^  DUNCAN  ON  ELECmiC  ttAILWAT  PRACTICB,    [June  25, 

Furthermore,  the  production  of  heat  in  the  alternating  current 
motor  is  distributed  over  the  whole  apparatus,  and  thus  a  much 
greater  heat  can  be  taken  care  of  for  a  limited  time. 

I  have  here  the  testing  record  of  a  c?ir  equipment  with  two 
three-phase  induction  motors  (Fig.  1).  They  are  designed  to 
operate  with  the  same  speed  and  are  of  about  the  same  size  and 
weight  as  the  standard  General  Electric  Company's  continuous 
current  railway  motors,  g.  e.  800.  They  are  controlled  by  a 
method  which  I  have  devised,  and  whereby  it  is  possible  to  operate 
them  at  full  efficiency  and  half  speed  as  well  as  full  spei'd,  thereby 
offering  the  same  advantages  as  the  series  parallel  control  of  the 
continuous  current  railway  motor.  The  curves  a  denote  current 
per  line  required  by  this  motor  when  operating  at  its  rated  voltage 
of  110  volts  between  the  lines.  The  curves  b  give  the  efficiency 
including  bearing  and  gear  friction.  The  curve  o  gives  the  speed, 
all  as  function  of  the  drawbar  pull,  or  pull  at  the  periphery  of  a 
standard  33  inches  wheel.  The  normal  rating  of  those  motors  is 
800  lbs.  drawbar  pull  per  motor,  or  1,600  lbs.  per  car.  As  you 
see,  in  concatenated  control,  at  half  speed,  the  drawbar  pull  rises 
to  1,600  lbs.,  and  at  full  speed  to  over  2,800  lbs.,  while  by  means 
of  an  emergency  switch  which  changes  the  field  intensity  of  the 
motor,  the  maximum  drawbar  pull  can  be  increased  to  over  8,000 
lbs.,  that  is  far  beyond  the  luating  limit  of  the  motor  and  far  be- 
yond the  pull  which  will  slip  the  wheels.  That  means  in  other 
words,  that  the  alternating  current  motor  can  give  any  starting 
torque  which  possibly  can  be  required,  just  as  well  as  the  con- 
tinuous current  series  motor. 

Mr.  Obkrlin  Smith  : — I  think  most  of  us  will  agree  with  Dr. 
Duncan's  conclusions  in  regard  to  the  electrical  equipment  of 
passenger  lines,  but  I  do  not  see  that  we  need  rule  out  freight 
trains  entirely,  because  we  have  a  road  equipped  with  trolley  lines 
especially  for  passenger  car?.  We  probably  shall  continue  to  run 
steam  locomotives  for  the  freight  trains  at  first,  but  it  seems  to 
me  that  we  shall  learn  ere  long,  and  without  any  great  change  in 
the  general  system  of  freight  traffic,  how  to  elecfrically  run  freight 
cars  too.  It  must  be  remembered  that  the  Img  freight  trains  we 
now  have  are  an  effect,  to  some  extent,  of  the  steam  locomotive 
system.  Just  as  soon  as  the  locomotive  is  gone  for  passenger 
work,  new  schemes  will  doubtless  be  devisSd.  There  would 
seem  to  be  no  inherent  reason  why  we  cannot  run  freight  cars, 
one,  two  or  three  together,  dividing  up  these  long  trains,  which 
in  many  respects  are  a  nuisance  to  railroad  men  and  a  source 
of  danger  and  trouble,  especially  where  they  have  to  be  divided 
for  transfer  at  branch  roaas,  and  to  leave  a  few  cars  at  way  sta- 
tions, and  all  that.  It  seems  to  me  very  likely  that  when  we 
once  learn  how  to  get  passenger  cars  rapidly  and  cheaply  over  the 
roads,  that  freight  cars  also  will  gradually  be  run  in  the  same 
way.  So  I  do  not  think  we  should  assume  that  we  shall  have  to 
perpetually  keep  the  steam  roads  running  for  freight,  although 
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it  may  be  that  we  shall.  That  is  a  point  that  has  not  been  devel- 
oped yet.  Of  course,  it  is  true  as  has  been  stated,  that  the  great 
ODJection  to  shorter  freight  trains  is  a  purely  economic  one — con- 
sisting of  the  extra  cost  of  labor.  Against  this  we  have  the  saving 
in  locomotive  dead  weight,  etc.,  and  (a  point  that  has  not  been 
mentioned)  the  much  smaller  liability  of  the  occurence  of  the 
expensive  freight  wrecks  to  which  long  trains  are  so  subject. 

One  thing  Mr.  Steiumetz  said  was  to  the  effect  that  unless  we 
could  run  very  much  faster,  than,  say  100  miles  an  hour,  (or  the 
somewhat  hypothetical  112^  miles,  of  recent  rumor),  that  they 
do  run  with  steam  locomotives,  there  would  be  no  object  in  having 
electricity.  I  think  this  is  a  mistake.  There  is  a  great  deal  of 
advantage  in  haviug  electricitv,  even  if  we  do  not  run  as  fast  as 
the  locomotives  run.  There  is,  however,  little  question  but  that 
we  can  run  faster,  because  we  get  rid  of  the  threshing  and  pound- 
ing in  the  reciprocating  parts  of  the  locomotive,  and  get  a  merely 
rotary  motion,  with  a  perfectly  simple  machine,  instead  of  a 
rather  complicated  one.     But  we  can  also  run  faster  for  a  given 

f)rice  for  coal  and  labor,  or  we  can  run  at  the  same  speed  at  a 
ess  price,  for  one  very  important  reason,  that  we  get  rid  of  the 
dead  weight  of  the  locomotive  to  a  very  considerable  extent — the 
dead  weight  of  the  motor,  etc.,  not  amounting  to  nearly  as  much. 
And,  too,  we  shall  probably  get  rid  of  some  of  the  dead  weight 
of  the  cars  which  are  now  most  abnormally  heavy. 

The  railroads  of  this  country  are  carrying  passengers  all  over 
the  land  with  from  one  to  six  tons  dead  weight  for  each  pas- 
senger.* We  cannot  expect  the  steam  railroad  men,  who  are  rather 
conservative,  and  very  properly  so,  in  the  interests  of  their  em- 
ployers, to  change  suddenly,  or  adopt  any  very  radical  measurrs; 
out  when  a  crisis  like  this  comes,  when  we  begin  to  make  sudden 
and  comprehensive  changes  in  the  way  of  "  trmleying  "  old  roads, 
the  time  seems  to  be  ripe  for  other  changes.  I  have  no  doubt, 
whatever,  that  we  shall  learn  how  to  make  our  cars  very  much 
lighter  than  we  do  now,  with  a  consequent  decrease  in  cost  of 
coal  and  decrease  in  accidents  due  to  excessive  momentum  ;  and 
all  this  by  doing  away  with  the  locomotive.  Therefore  we  shall 
have  an  advantage,  even  if  we  cannot  run  faster — although  I 
personally  do  not  question  but  that  we  can  run  very  much  faster. 
Another  point  that  is  not  generally  talked  about  is  the  immense 
advantage  to  passengers,  and  consequently  much  greater  popular- 
ity with  the  public,  of  the  electric  car,  because  of  the  total  absence 
of  the  soot  and  smoke  and  whistling,  together  with  other  nui- 
sances incident  to  the  locomotive.  This  is  going  to  increase  the 
tra/oding  habit  and  bring  in  more  travel  than  we  now  dream  of. 
That  it  is  possible  by  electricity  to  get  these  enormously  high 
speeds  of  120  to  150  miles  an  hour,  as  alleged  in  the  newspaper 
articles  referred  to  by  our  President,  by  the  use  of  electricity  is 

1.  For  an  anaWsis  of  this  dead  weight,  see  my  article  on  Railway  Reform  in 
The  Fbrum  for  January,  1891, 
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probably  true,  considering  the  advantages  just  referred  to  of  not 
naving  the  rattling  and  pounding  of  the  reciprocating  motion  of 
the  present  locomotive  and  all  that,  but  who  of  us  here  to-night, 
if  he  had  ever  so  nice  an  electric  car,  would  like  to  ride  over  anv  of 
the  tracks  that  we  have  to-day  at  150  miles  an  hour?  Possibly 
those  without  families  or  those  with  big  life  insurance  policies 
might  do  it,  but  I  for  one  should  not  want  to.  Sixty  or  seventy 
miles  an  hour  is  as  fast  as  I  care  to  ^o  on  these  present  railways, 
where  there  is  nothing  but  a  1^  inch  flange  to  keep  me  out  of 
eternity. 

We  must,  l)efore  running  at  those  enormous! v  high  speeds, 
have  a  new  system  of  road  beds  I  do  not  know  just  what  it  is 
going  to  be,  but  it  will,  I  am  sure,  be  something  vastly  different 
from  the  present  one.  We  must  absolutely  abolish  switches  and 
crossings  and  such  things,  as  well  as  the  presence  of  cattle  and  men 
on  the  tracks,  and  there  must  be  some  way  of  confining  the  cars 
better  than  by  their  own  weight  and  these  little  wheel  flanges. 
We  shall  confine  theiri  to  position  in  some  other  way,  so  that  the 
one  great  and  to-be-dreaded  evil  of  derailment  will  be  impossible. 
Collisions  we  shall  escape  by  the  use  of  electric  blocking,  etc., 
and  by  more  perfect  operating  systems.  When  we  learn  to  avoid 
derailment  absolutely,  as  well  as  collisions;  when  we  get  rid  of 
our  smoke  and  soot  and  our  reciprocating  parts,  and  our  excessive 
dead  weight,  then,  and  not  till  tnen,  shall  we  attain  really  high 
speed,  combined  with  comfort  and  safety.  All  this  the  coming 
century  will  no  doubt  see,  and  probably  may  see  rather  early  in 
its  course. 

Peesident  Duncan  : — I  have  listened  with  a  great  deal  of  in- 
terest to  the  remarks  that  have  been  made.  I'erhaps  the  uses 
of  the  different  methods  and  their  limitations  were  correctly  stated 
by  Mr.  Steinmetz.  But  I  did  not  care  to  take  the  question  up.  1 
think  we  can  offer  the  steam  railroad  people,  systems  that  will 
operate  their  passenger  traflSc  more  economically  than  it  is  now  be- 
ing operated.  But  the  question  I  wished  to  consider  was  whether 
they  are  in  a  condition  to  accept  the  offer  ?  There  are  only  a  few 
roads  in  the  United  States  that  are  in  a  condition  to  accept  the  elec- 
trical benefits  we  can  give  them,  because  no  two-track  road,  without 
disorganizingits  traffic,  can  get  the  advantage  of  electrical  trans- 
portation. We  cannot  at  present  change  the  method  of  freight 
transportation.  I  am  not  considering  what  is  going  to  happen  in  the 
future,  I  am  considering  the  conditions  as  they  exist  at  the  present 
time.  You  cannot  disorganize  the  freight  traffic,  you  cannot  dis- 
organize through  traffic,  and  with  those  two  khids  of  traffic  on 
two  tracks,  you  cannot  possibly  compete  with  a  parallel  line 
running  a  regular  tramway  service.  It  is  not  a  question  of  which 
way  we  want  to  equip  these  tracks,  but  the  thing  is  that  the 
steam  people  must  give  us  the  tracks  to  equip,  and  to  secure  the 
benefits)  of  electrical  traction,  we  must  have  four  tracks  on 
through  roads,^and  even  with  four  tracks,  some  roads  will  find  it 
difficmt  to  equip. 
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We  cannot  compete  for  freight  traffic  by  electricity  except 
by  using  self-contained  electric  locomotives,  in  which  the  electrical 
apparatus  is  a  mere  gearing  between  the  steam  and  the  axle. 
As  far  as  the  princijjle  goes  there  would  be  no  difference  in  the 
character  of  the  service  between  this  and  the  ordinary  steam  equip- 
ment. But  a  freight  traffic  by  a  trolley  system  will  not  be  as 
cheap  as  the  steam  traffic.  At  the  present  time  the  condition 
of  affairs  is  this :  The  steam  roads  must  compete  with  the  electric 
roads  that  are  paralleling  them,  and  which  are  cutting  down  their 
receipts,  and  I  think  this  can  only  be  done  by  giving  separate 
tracks  for  the  electric  service,  or  by  controlling  competing  roads. 
As  Mr.  Steinmetz  savs,  there  are  a  number  of  ways  in  which 
we  can  equip  the  roads  electrically.  Although  he  has  projected 
a  little  into  the  future,  yet  I  think  he  has  pretty  well  stated  the 
kind  of  service  we  ought  to  have  on  the  different  kinds  of  roads. 
But  at  the  present  moment,  even  if  he  were  prepared  to  sign  a 
contract  for  any  one  of  the  different  types  of  equipment  cin 
any  one  of  the  different  types  of  road,  I  say  there  are  not  thrcfe 
or  four  steam  roads  in  the  United  States  that  are  prepared  to 
take  advantage  of  it ;  and  that  was  the  point  I  wished  to  take 
up  in  my  adiU'ess. 
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COMPOUNDING  DYNAMOS  FOR  ARMATURE 
REACTION. 


BY    ELIHU   THOMSON. 


Considerable  attention  has  recently  been  drawn  to  the  subject 
of  means  for  counter- balancing  or  preventing  armature  reaction 
in  dynamo-generatoi*s  or  motors.  The  valuable  paper  of  Messrs. 
H.  J.  Ryan,  and  Milton  F.  Thompson,  read  before  the  Institute 
at  its  meeting  on  March  20th,  called  forth  considerable  discussion 
as  to  the  actual  utility  or  need  of  added  devices,  which  undoubt- 
edly render  a  machine  more  complex,  but  which  can  certainly  be 
made  to  obliterate  armature  reaction  or  overcome  its  effects.  The 
opinion  which  seems  to  prevail  amongst  engineers  is,  that  by 
taking  advantage  of  the  best  principles  of  design,  the  output  of 
our  machines  is  not  limited  by  armature  reaction,  but  rather  by 
heating,  or  the  capacity  to  diffuse  that  heat  which  is  sure  to  be 
produced  during  operation. 

The  writer's  views  are  in  accord  with  the  general  sentiment 
indicated  by  the  discussion  of  the  paper  in  question,  excepting 
that  he  conceives  that  it  may  on  occasion  become  desirable  to 
possess  a  structure,  either  generator  or  motor,  in  which  a  load 
which  would  inevitably  overheat  the  machine  if  continuous,  may 
be  borne  without  destructive  results  for  short  periods  only.  The 
development  of  engineering  work  may  in  fact  demand,  occa- 
sionally, machines  which  would  be  regarded  as  emergency  ma- 
chines, to  be  operated  with  the  highest  possible  loads  for  short  pe- 
riods.* It  is  sometimes  desirable  that  a  dynamo  be  adapted  to 
driving  at  different  speeds  while  maintaining  the  same  potential 
at  the  terminals,  as  in  the  case  of  direct  driven  dynamos  coupled 
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with  engines  of  different  makes  and  speeds.  Snch  an  adaptation 
would  require  a  change  in  the  armature  turns,  or  in  the  field  ex- 
citation, the  former  demanding  a  reconstruction  amounting  to 
the  production  of  a  special  type,  while  the  latter,  change  of  field 
strength,  might  involve  such  a  weakened  field  at  the  higher 
speeds  as  would  be  incompatible  with  proper  commutation.  In 
such  cases  means  and  methods  for  securing  proper  commutation 
and  neutralizing  reaction  may  become  quite  useful.  The  subject 
itself  has  been  worked  upon  by  the  writer  as  far  back  as  1879. 
At  first  a  peculiar  disposition  of  the  field  coils  and  pole  pieces 
was  selected,  unfavorable  to  armature  reactions,  and  later  in  a 
a  patent  applied  for  by  the  writer  in  the  year  1885,  the  seriescoil  of 
a  compound-wound  machine  was  so  disposed  as  to  add,  under  load, 
a  magneto-motive  force  to  the  field  in  the  region  of  armature  op- 
position, and  as  a  consequence  to  diminish  somewhat  the  mag- 
neto-motive force  of  the  field  where  the  reaction  of  the  armature 
was  positive,  or  assisting. 

In  the  present  paper,  however  the  writer  desires  to  bring  to 
the  attention  of  the  Institute  a  different  type  of  dynamo,  worked 
upon  by  him  some  three  or  more  years  ago,  in  which  there  is  no 
series  winding  whatever,  though  the  machine  is  in  effect  com- 
pounded, or  over-compounded  at  will. 

It  is  expressly  to  be  understood  at  the  outset  that  the  present 
paper  is  not  intended  to  advocate  the  disposition  described 
as  a  desirable  commercial  structure,  or  even  as  one  which  wiU  be 
likely  to  come  into  practical  use  on  any  scale.  On  the  contrary, 
it  is  believed  to  be  open  to  objections  which  would  take  it  out  of 
competition  with  ordinary  tyi)e8  in  which  the  compounding  effect 
is  secured  by  the  series  coil  or  load  circuit  wound  as  usual  as  a 
part  of  the  field  energizing  conductor. 

The  machine  is,  however,  interesting  as  briuiring  out  forcibly 
the  capability  of  the  armature  current  to  neutralize  its  own  effects 
in  a  proper  structure  and  maintain,  or  even  increase,  the  poten- 
tial at  the  brushes  under  heavy  loads.  In  fact  the  current  in  the 
armature  in  the  type  of  machine  hei^eiu  treated,  is  made  to  react 
under  load  to  magnetize  a  portion  of  the  field  structure  which  at 
no  load  is  neutral  or  nearly  so.  The  reaction  may  thus  be  made 
to  give  rise  to  a  magnetic  flux  sufficient  or  more  than  sufficient  to 
compensate  for  its  effect  in  diminishing  the  flux  of  the  other  or 
excited  portion.  The  result  is  accomplished  by  dividing  each 
field  pole  into  a  portion  which  is  teft  unwound  and  a  portion 
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which  ie  wound  and  excited  in  shunt  or  separately.  At  no  load 
only,  the  wound  polar  portions  act  to  generate  the  open  circuit 
E.  M.  F.  As  the  load  is  put  on,  the  unwound  or  dead  poles  be- 
come active  in  consequence  of  a  magnetic  flux  developed  in  them 
by  the  armature  currents  themselves,  that  is,  in  conseqence  of 
the  M.  M.  F.  generated  by  the  current  in  the  winding  of  the 
armature  itself.  The  disposition  of  the  poles  in  a  bipolar  struc- 
would  be  represented  by  Fig.  I ,  where  a  a  are  the  excited  poles, 
or  wound  field  cores,  under  the  fringe  of  which  commutation  is 
eflEected,  while  d  d  are  the  "  dead  "  poles  or  sections  of  polar  sur- 
face unenergized  at  no  load.  A  dotted  line  a  a  may  pass  through 
the  neutral  or  non-polar  portion  of  the  armature  iron,  threaded 
by  all  field  lines  on  one  side,  while  the  lines  b  h  may  indicate  the 
diameter  of  commutation  on  which  the  brushes  rest.     In  such 


Fig.  1. 


Fig.  2. 


Fig.  8. 


a  structure  by  choosing  the  position  and  spread  of  the  "  dead  *' 
poles  in  relation  to  that  of  the  wound  or  excited  polar  portions, 
and  adjusting  the  m.  m.  f.  of  the  initial  field  relatively  to  the 
turns  on  the  armature  and  the  speed  of  driving,  the  effect  of  com- 
pounding or  over-compounding  may  easily  he.  obtained.  The 
*'  dead  poles"  may  he  made  adjustable  in  position  so  as  to  vary 
the  effective  m.  m.  f.  of  the  armature  upon  them  and  various 
changes  in  relations  of  the  parts  are  conceivable. 

In  Figs.  2  and  3,  an  attempt  has  been  made  to  represent  the 
magnetic  flux  under  no  load  and  underload  respectively.  In  Fig. 
2  the  flux  in  the  air-gap  between  the  excited  poles  a  a  and  the 
armature  may  be  considered  as  of  uniform  density  except  at  the 
edges,  while  in  Fig.  3  it  is,  under  the  same  poles,  somewhat 
diminished  towards  the  diameter  of  commutation.     In  Fig.  2 
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the  dead  poles  are  without  flux  across  the  air-gap,  while  in  Fig.  3 
the  density  increases  from  one  edge  to  the  other  in  the  direction 
of  rotation. 

Fig.  4  is  from  a  photograph  of  the  dynamo  constructed  in  ac- 
cordance with  the  principle  under  discussion.  It  is  multipolar, 
having  four  wound  poles  and  four  dead  poles  alternating  in  po- 
sition around  the  armature.  The  latter  is  of  standard  iron 
projection  type  being  in  fact  identical  in  construction  and 
dimensions  with  the  armatures  used  about  three  years  ago  in  reg- 


FiG.  4. 

ular   four-pole  dynamos  of   the  marine  type  of  the  Thomson- 
Houston  Electric  Co. 
The  principal  data  of  the  armature  construction  are  as  follows  : 

Diameter  over  all  17       inches. 

Length  (laminations) 8  " 

Radial  depth  of  laminations 4  ** 

No.  of  projections 87 

Width  of  slots 34  inch. 

Depth  of  slots 75      *' 

The  armature  is  series  dnim-wonnd  and  has  two  conductors  in 
each  slot.     The  commutator  has  87  segments.      The  new  field 
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system  was  constructed  of  two  rings  of  cast  open  hearth  steel 
having  heavy  lugs,  four  in  number,  projecting  laterally  from  each 
ring  on  one  side,  and  forming  the  dead  poles  when  assembled  in 
the  machine.  Separate  castings  for  carrying  the  field  coils  and 
constituting  the  active  poles  were  made,  wound  and  bolted  be- 
tween the  two  ring  castings  of  the  field.  The  arrangement  will 
be  understood  at  a  glance  from  an  inspection  of  Figs.  5  and  6. 
Fig.  5  is  a  section  of  the  field  in  a  plane  passing  through  the  dead 
poles  and  the  axis  of  the  armature,  and  Fig.  6  is  a  similar  section 
through  the  active  or  wound  poles.  The  wound  cores  have  a  section 
of  Si  in.  X  8  in.  and  are  of  steel.  The  field  was  bored  to  ITJ  iiil 
tlius  giving  a  clearance  of  i  in.  around  the  armature.  The  exi- 
cited  or  wound  poles  covered  each  about  5  inches,  the  dead  polee^ 
e$ch  5^  in.,  leaving  spaces  between  wound  and  dead  poles  of 
atout  li  in.     The  face  of  each  dead  pole  is  5^  by  8  in. 

The  coils  on  the  active  poles  can  be  connected  in  shunt  to  the 


Fig.  5. 


Fig.  6. 


armature  terminals  with  a  variable  rheostat  in  the  branch,  or  sep- 
arately excited  as  desired.  It  was  found  that  for  the  purposes  of 
test  that  the  latter  arrangement  was  most  satisfactory  as  the  ex- 
citing current  could  then  be  adjusted  to  any  given  value  and 
would  remain  undisturbed  by  variations  in  the  potential  differ- 
ence between  the  brushes  or  terminals  of  the  machine. 

Fig.  7  shows  the  relation  of  volts  at  the  terminals  to  varying 
exciting  current  at  no  load  (full  line)  and  at  80  amperes  load 
(dotted  line)  with  a  speed  of  800  revolutions  per  minute.  It  will 
be  noted  that  the  load  has  caused  an  increase  of  voltage  particu- 
larly at  tlie  relatively  higher  excitations.  The  normal  current  of 
full  load  for  the  armature  as  constructed  and  used  in  the  regular 
multipolar  field  was  140  amperes,  and  it  was  found  that  as  the 
load  was  increased  steadily  during  a  run,tlie  potential  was  not  only 
maintained  but  increased  with  each  increment  of  load,  thus  show- 
ing an  over-compounding  effect.     This  effect  was  less  marked 
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when  the  initial  excitation  was  weak ;  as  when  less  than  three 
amperes  traversed  the  field  coils.  The  over-compounding  under 
load  was,  of  course,  still  more  increased  when  the  field  coils  were 
connected  in  shunt  to  the  armature.  Thus,  at  a  little  over  750 
revolutions  per  minute  with  an  exciting  current  of  four  amperes, 
the  open  circuit  volts  were  84,  rising  to  104  when  a  load  of  130 
amperes  was  put  on  with  an  increase  of  the  exciting  current  to 
4.8  amperes. 

It  was  noticed  that  on  any  considerable  increase  of  load  being 
made,  the  potential  rose  in  some  cases  as  much  as  5  or  6  volts 
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above  the  point  at  which  it  would  remain;  or  which  it  would 
reach  after  a  short  interval.  Similarly  it  wag  found  that  the 
sudden  taking  oflE  of  load  caused  a  temporary  fall  below  the  sta- 
ble voltage  under  the  new  or  diminished  load  conditions.  This 
curious  effect  was  traced  to  the  difference  of  time  between  that 
needed  to  build  up  or  cut  down  the  flux  in  the  dead  poles,  as 
compared  with  that  required  to  cut  do<vn  or  build  up  the  excited 
poles,  which,  being  wound  with  wire,  were  naturally  more  slug- 
gish under  the  conditions  of  use.  Currents  would  be  induced  in 
the  coils  under  each  change  of  flux,  which  change  itself  would 
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thereby  be  rendered  more  gradual.  The  dead  poles  being  un- 
wound could  respond  more  rapidly.  Any  increase  of  load  would 
of  course  tend  to  break  down  the  wound  poles  and  to  increase  the 
flax  in  the  dead  or  unwound  poles,  and  the  taking  off  of  load 
would  have  the  opposite  effect. 

Fig.  8  shows  a  compounding  curve  obtained  under  a  con- 
stant excitation  of  four  amperes  at  a  speed  of  790  revolutions, 
the  load  being  varied  from  0  up  to  more  than  thrice  the  full  load. 
It  will  be  noticed  that  the  potential  at  iirst  increases,  and  only 
breaks  down  under  extremes  of  load.     The  final  breaking  down 
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is  doubtless  due  to  saturation  of  the  forward  portions  of  the  dead 
poles,  together  with  the  armature  core  projections.  Part  of  the 
drop  was  undoubtedly  due  to  resistance  at  the  binishes  which 
were  of  carbon,  and  by  no  means  fitted  to  conduct  off  such  heavy 
currents.  Taking  this  drop  and  the  drop  over  the  armature  con- 
ductor itself,  it  is  not  surprising  that  at  the  high  loads  the  poten- 
tial should  fall  off. 

A  horizontal  plotting  of  the  potentials  generated  in  the  arma- 
ture coils  under  no  load  obtained  by  the  two  brusli  method  of 
Dr.  S.  P.  Thompson,  is  given  in  Fig.  9,  the  relative  positions  of 
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the  wound  and  ^'  dead  poles  "  being  marked  in  dotted  lines,  and 
the  arrow  indicating  the  direction  of  movement  of  the  armature 
relatively  thereto. 

Fig.  10  gives  the  same  plotting  under  a  load  of  100  amperes 
and  accentuates  the  effect  of  the  armature  reaction  in  magnetiz- 
ing the  dead  poles.    The  curves  are  only  approximate  indications 

Pio.  9. 
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owing  to  the  fact  that  the  number  of  points  at  which  readings 
were  taken  was  less  than  was  desirable,  and  because  in  some  cases 
it  was  difficult  to  maintain  all  conditions  unchanged,  particularly 
with  the  very  heavy  loads. 

Figs.  11  and  12  show  a  similar  plotting  for  abnormal  or  extreme 
loads.      The  former  shows  how  completely  the  wound  pole  has 
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been. broken  down  by  armature  reaction,  and  how  the  unwound 
poles  have  now  become  the  chief  working  field  poles,  or  rather 
how  the  armature  winding  itself  has  furnished  the  field  for  its 
own  cutting.  A  calculation  of  the  flux  density  at  the  forward 
edge  of  the  unwound  pole  shows  that  the  magnetization  has  risen 
to  saturation.     The  other  parts  of  the  pole  are  shown  to  be  still 

Fio.  11. 
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susceptible  of  increase  of  flux,  but  their  relation  to  the  armature 
is  far  less  favorable  for  its  generation. 

The  machine  described  is  probably  chiefly  interesting  from  a 
theoretical  aspect.  Still  it  shows  clearly  that  so  far  as  the  effect 
of  the  series  field  on  compound  wound  machines  is  concerned, 
the  electrical  engineer  has  other  resources  at  his  com  maud  giving 
similar  results.  It  cannot  be  doubted  also  that  the  design  of  ar- 
mature and  field  might  be  considerably  improved  with  special 
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regai*d  for  the  particular  feature  of  compounding.  A  feature  of 
the  machine  which  developed  itself  when  carbon  brushes  were 
used,  was  that  even  at  heavy  loads  the  brushes  conld  be  set  back 
from  their  maximum  position,  or  true  diameter  of  commutation 
in  this  case,  and  that  the  movement  was  attended  with  little,  if  any 
increase  of  spark,  while  the  potential  steadily  went  down.  It 
was  thus  easily  possible  to  adjust  the  potential  by  a  backward 
movement  of  the  brushes  in  the  space  between  the  unwound 
and  wound  poles,  while  the  slight  sparking  under  the  carbon 
brushes  was  not  increased  thereby.  The  writer  has  never  no- 
ticed this  effect  in  so  pronounced  a  degree  in  any  other  struc- 
tures, but  thinks  that  it  may  not  be  peculiar  to  this  machine. 

A  further  interesting  consideration  is  the  effect  of  dispensing 
with  the  wound  poles  altogether,  and  either  neglecting  to  employ 
any  reversing  or  commntating  field  while  maintaining  the  brushes 
near  the  forward  edge  of  the  field  poles  which  now  remain, 
namely,  the  unwound  poles,  or  employing  commntating  arrange- 
ments similar  to  those  used  by  Mr.  Sayers  ;  that  is,  returning  the 
leads  through  slots  in  the  armature  under  the  strong  induction  of 
the  forward  edge  of  the  pole  as  the  armature  leaves  it.  In  such 
a  case  it  would  appear  from  theoretical  considerations  that  the 
machine  should,  if  it  possessed  any  permanent  magnetism,  excite 
itself  as  a  series  dynamo  entirely  without  any  winding  on  the 
field  and  solely  by  the  action  of  the  armature  winding  itself. 
This  fact  was,  I  believe,  first  pointed  out  by  Drs.  J.  and  E.  Hop- 
kinson. 

In  conclusion  it  may  be  stated  that  tests  of  the  machine  used 
to  generate  single  phase  and  three  phase  alternating  currents  in 
its  armature  winding  were  made  by  dispensing  with  the  commuta- 
tor and  substituting  rings  and  connections  common  in  such  cases. 
The  results  indicated  a  substantially  similar  effect  of  compound- 
ing, but  t©  a  less  degree,  owing  no  doubt  to  the  fact  that  the 
phase  of  the  electro-motive-force  generated  by  the  wound  pole  flux 
would  not  coincide  with  that  due  to  reaction  on  the  dead  poles, 
since  the  position  of  the  poles  with  relation  to  any  portion  of  the 
moving  wire  is  different  at  the  same  instant. 


The  Secretarv  announced  that  the  American  Telephone  and 
Telegraph  Co.  [long-distance]  had  extended  to  the  members  of 
the  Institute  the  courtesy  of  their  lines  throughout  the  United 
States  during  the  continuance  of  the  meeting. 

[Recess  until  10  a.m.] 
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ELECTRIC  POWER  IN  FACTORIES  AND  MILLS. 

BY  F.  B.  CROCKER,  V.  M.  BENEDIKT  AND  A.  F.  ORM8BBE. 


Introduction. 

The  application  of  electric  power  distribution  to  the  operation 
of  factories  and  mills,  including  the  driving  of  the  various 
machines  and  other  apparatus,  is  the  latest  and  one  of  the  most 
important  problems  toward  which  attention  is  now  being  directed, 
the  question  being  one  of  extreme  prominence  both  from  an 
economical  as  well  as  from  an  engineering  standpoint. 

In  comparing  two  or  more  different  systems  of  power  distri- 
bution, the  fundamental  basis  of  comparison  is  generally  that  of 
dollars  and  cents.  This  is  certainly  correct,  as  far  as  it  goes,  but 
unless  a  very  decided  diflEerence  be  found  between  the  costs  of 
running  under  the  various  systems,  it  may  be  found  that  other 
factors  enter;  factors  which  cannot  be  estimated  in  dollars  and 
cents,  namely,  questions  of  desirability  and  convenience.  With- 
out considering  any  tests  whatever,  there  are  several  exceedingly 
advantageous  points  in  the  use  of  motors  in  factories  which  are 
almost  self-evident,  such  as:  1.  Clear  and  unobstructed  passages 
and  head  room,  the  latter  facilitating  the  use  of  travelling  cranes. 

2.  Ease  of  shifting  the  tools  from  place  to  place,  possibly  neces- 
sitating the  placing  of  a  starting  box  and  the  putting  up  of  a 
little  extra  wire,  as  compared  with  the  inconvenience  and  trouble 
of  setting  up  and  adjusting  a  line  of  shafting,  hangers,  belts,  etc. 

3.  The  economy  due  to  the  ability  to  run  a  single  tool  without 
necessarily  starting  the  whole  factory  or  at  least  a  complete 
section.  4.  The  running  expense  is  entirely  stopped  when  the 
tool  is  shut  down.  5.  The  absence  of  the  drip  of  oil  from  over- 
head shafting.     6.  The  tools  may  be  placed  at  any  desired  points 
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almost  regardless  of  the  distance.  7.  It  is  not  ,nece8sary  to  ar- 
range the  tools  parallel  as  in  the  mechanical  system.  8.  A  wider 
range  of  speed  is  possible.  9.  Less  damage  caused  by  a  fuse 
blowing,  than  by  a  belt  slipping  off  in  case  of  accident  or  exces- 
sive load. 

Considerations  like  the  above  have  great  weight  in  deciding  a 
question  such  as  that  under  discussion,  and  there  is  no  doubt 
whatever  that  in  most  cases  they  rise  to  such  prominence  that 
they  warrant  a  complete  change  from  the  old  system  to  the  new, 
even  though  there  is  no  gain  in  economy  or  increased  output. 
In  most  cases,  however,  it  has  been  conclusively  shown  that  con- 
siderable saving  and  increase  in  production  is  obtained,  one  test 
showing  a  very  considerable  percentage  of  increase  in  the  out- 
put. The  partial,  if  not  the  complete,  displacement  of  the  old 
method  by  the  new  is  only  a  question  of  time,  and  it  was  the 
appreciation  of  this  fact  that  induced  the  authors  to  undertake 
the  determination  of  the  power  actually  required  to  run  the 
various  tools  and  machines  as  used  in  ordinary  practice. 

Historical  Notes. 
The  general  use  of  electric  motors  in  factories  is  comparatively 
recent,  hence  the  history  of  the  subject  is  necessarily  short, 
although  Froment,  about  1850,  used  an  electric  motor  to  drive  tools 
in  his  workshop.  About  five  years  as^o  motors  were  in  operation  in 
the  works  of  the  Thomson-Houston  company  at  Lynn,  the 
Crocker-Wheeler  company  and  the  C.  and  C.  company.  Shortly 
afterward  the  great  German  works  of  the  Siemens  and  Halske 
company  and  the  Allgemeine  Elektricitats  Gesellshaft  began 
using  motors  to  operate  sections  of  their  factories.  From  that 
time  to  the  present,  the  use  of  motors  has  extended  rapidly,  until 
now  they  have  been  adopted  in  many  factories  all  over  this 
country  and  to  a  less  extent  abroad. 

Practical  Tests. 
In  the  tests  which  follow,  the  power  required  to  drive  the  tools 
was  obtained  by  placing  an  ammeter  in  the  circuit  of  the  motors 
rnnning  the  various  machines  and  groups  of  machines,  and  taking 
readings  every  few  seconds,  the  frequency  of  the  readiqgs  de- 
pending upon  the  nature  of  the  tool  and  the  work  it  was  doing. 
The  potential  was  practically  constant  at  110  volts,  not  varying 
more  than  one  or  two  per  cent.  The  first  tests  were  made  at  the 
factory  of  the  Crocker- Wheeler  Electric  Co.,  at  Ampere,  N.  J., 
and  the  machines  tested  and  the  results  obtained  were  as  follows: 
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1.  Large  Boring  Machine, — This  machine  was  driven  by  a 
1^  H.  p.  motor,  speed  1,200  r.  p.  m.,  monnted  directly  on  the 
frame  of  the  tool,  the  reduction  in  speed  being  obtained  by  the 
use  of  gearing.  During  this  test,  which  lasted  three  hours,  the 
machine  was  used  for  turning  down  a  commutator  for  a  100  h.  p. 
dynamo.  The  average  current  drawn  was  8.8  amperes,  represent- 
ing 1.23  H.  p.  at  110  volts.  Before  the  run  was  finished,  the 
speed  of  the  tool  was  increased  by  changing  the  combination  of 
gears,  and  during  this  time  the  power  required  was  1.43  h.  p. 
When  the  machine  was  started  from  rest,  the  rnsh  of  current 
was  considerable,  the  average  being  17.75  amperes,  representing 
2.6  H.  p.  It  will  be  seen  that  this  motor  is  well  suited  to  the 
machine,  the  average  load  being  very  close  to  the  rated  power 
of  the  motor. 

2.  Drill  Press, — A  drill  press  was  run  by  a  1  h.  p.  motor, 
speed  545  r.  p.  m.,  mounted  on  a  shelf  at  top  of  press  and  belted 
down  to  countershaft  at  bottom,  and  thence  up  again  to  main 
shaft  of  machine,  thus  securing  a  reduction  of  the  speed.  This 
machine  was  boring  the  faces  of  the  cast-steel  pole-pieces  of  a 
10  H.  p.  motor,  two  cutting  tools  being  used.  The  test  lasted  4 
hours  and  40  minutes  and  during  this  time  the  pole-pieces  for 
three  motors  were  bored.  The  first  run  covered  1  hour  and  10 
minutes  and  the  average  current  was  2.92  amperes,  representing 
.43  H.  p.  It  required  15  minutes  to  replace  the  completed  pole- 
piece  by  another  one.  This  second  piece  required  2  hours  and 
32  minutes  to  finish,  and  the  average  amperes  were  2.82  or  .41 
H.  p.  This  time  it  required  17  minute  to  replace  the  piece,  and 
then  the  machine  ran  only  23  minutes  until  closing  time.  The 
current  for  this  short  run  was  2.81  amperes,  representing  .41 
H.  p.  The  total  length  of  time  the  machine  was  running  was 
4  hours  and  5  minutes.  Therefore  po>wer  was  supplied  to  the 
motor  86  per  cent,  of  the  time  of  the  test. 

3.  DriU  Press, — This  machine  was  similar  to  the  one  pre- 
ceding, but  the  work  was  different;  namely  drilling  half  inch 
holes  in  cast-iron  bearings.  The  average  current  was  2.86  am- 
peres, which  represents  .42  h.  p. 

4.  DriU  Press  — This  tool  was  the  same  as  the  other  two  and 
the  work  consisted  in  boring  the  inside  of  cast-iron  bearings..  The 
average  in  this  case  was  1.9  amperes  or  .28  h.  p.  It  will  be 
noticed  that  in  the  case  of  these  three  machines  a  motor  of  one- 
half  H.  p.  would  be  of  ample  size  to  do  the  work. 
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5.  Ptmch  Press. — This  was  a  small  punch  run  by  a  one  h.  p. 
motor  motinted  on  the  base  of  the  machine  and  belted  to  its 
heavy  fly-wheel.  The  speed  of  the  motor  was  700  b.  p.  m.  This 
tool  was  punching  slots  in  sheet  iron  disks  for  a  10  h.  p.  arma- 
ture, there  bein^  28  slots  in  each  disk.  The  motor  Wiis  turned 
off  every  time  a  disk  was  replaced,  but  it  did  not  come  to  a  dead 
stop  as  the  inertia  of  the  fly-wheel  was  so  great.  Readings  were 
taken  every  live  seconds  and  the  time  of  turning  on  and  off  the 
current  was  noted.  The  test  lasted  57  minutes,  during  which 
time  the  current  was  turned  on  for  35  minutes  and  45  seconds, 
or  62.7  per  cent  of  the  time.  The  average  current  was  4.86  am- 
peres, equivalent  to  .71  h.  p.  The  rush  of -current  at  starting 
varied  from  7  to  15  amperes,  depending  upon  the  haste  of  the 
workman  in  turning  on  the  starting  box. 

6.  Gang  Drill, — This  tool  was  driven  by  a  one  h.  p.  motor, 
1,000  R.  p.  M.,  mounted  with  vertical  shaft  in  frame  of  the  machine 
and  belted  directly  to  the  three  drill  spindl.es.  The  materia] 
drilled  was  cast-iron,  and  the  sizes  of  the  holes  were  i  in.  and 
I  in.  The  average  of  the  readings  taken  was  4.75  amperes  or 
.7  H.  p.  When  the  drills  were  running  free  the  motor  took  3.5 
amperes.  Thus  the  power  required  to  overcome  friction  was 
74  per  cent,  of  the  power  used  while  drilling. 

7.  Group  of  two  machines^  one  lathe  a/nd  one  miUi/ng 
machine. — This  group  was  driven  by  a  three  h.  p.  motor,  belted 
to  a  short  line  shaft,  from  which  belts  ran  to  the  countershafts 
above  the  two  machines.  The  avei^age  current  was  10.04  am- 
peres, the  power  being  1.48  h.  p.  In  this  test,  special  attention 
was  paid  as  to  which  machine  happened  to  be  ruiming  free,  cut- 
ting, etc.,  with  the  results  given  in  the  following  table. 


Claasof  Machines  and  Work. 

Amperes. 

H.  P. 

Milling  Machine  Bunninir  Free— Lathe  at  Rest 

7.36 
10. 
»o.33 
14.4a 

^H 
17.8 

1.47 
1.52 
3.13 
2.38 
3.61 

Lathe          -Miller   *      "  

Both  ninning  free           

Milling  Machine  Cutting— Lathe  run  free 

Lathe  CoitinK—Milling  Tool  running  free 

Both  loob  cutting 

Cutting  rate  increased  on  the  lathe 

8.  Group  of  Six  Machines^  Consisting  of\  MlUing  Machine 
(Small)  2  Lathes  {10  or  12  Inch  Swing\  1  Grindstone^  1  Drill 
Press  and  1  Small  Punch  Press. — The  last  named  tool  was 
not  run  at  all  during  the  test,  and  the  grindstone  ran  continuously. 
This  group  was  run  by  a  one  h.  p.  motor,  belted  to  the  usual 
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ceiling  line  shaft.  The  average  current  required  to  drive  these 
machines  was  6.86  amperes,  representing  .86  h.  p.  Thus  this 
motor  ran  at  about  its  most  economical  load. 

9.  Group  of  Seven  MachineSy  1  PJ/mer^  {SmaU)  I  Grindstone^ 
4  Lathe%y  1  Hand  Turning  Lathe. — A  three-  h.  p.  motor  was 
used  to  drive  this  group,  being  belted  to  a  line  shaft,  the  same 
as  the  previous  groups.  The  current  was  13.36  amperes  or  1.97 
H.  p.    When  the  entire  group  was  iii  use  2.65  h.  p.  were  required. 

10.  Group  of  7  Lathes  and  1  Grindstone  Driven  Jy  a  3  h.  p. 
Motor.—TXiQ  average  current  was  9.92  amperes  and  the  power 
required  was  therefore  1.46  h.  p.  The  power  used  by  the  motor 
when  different  numbers  of  lathes  were  running  is  shown  by  the 
following  table : 


Number  of  lathes  Running. 

Amperes. 

H.  r. 

One ^ 

Two : 

Three 

Four 

7.76 

9.10 
10.69 
12.23 

1.14 

Thus  in  a  group  like  this,  it  only  takes  63  per  cent  more  power 
to  drive  four  lathes  than  it  does  to  run  one,  the  reason  being  the 
fact  that  it  probably  takes  about  one  horse  power  to  drive  the 
countershafts. 

11.  Group  of  Two  Machines ^  a  Large  Punch  Press  am,d  a 
La/rge  Planer, — The  motor  for  running  this  group  was  placed 
on  the  floor,  and  drove  a  short  line  shaft  on  the  ceiling  by  the 
usual  form  of  belt.  The  rated  capacity  of  this  motor  was  7^^ 
H.  p.,  and  its  speed  was  1350  r.  p.  m.  The  punch  press  did  not 
run  during  the  test.  With  the  planer  idle  and  the  motor  driving 
the  shafting  and  belting  alone,  the  current  was  15.5  amperes, 
which  represent  2.3  h.  p.  While  the  planer  was  at  work  the 
motor  required  33.1  amperes  or  4.87  h.  p.  As  the  loss  from 
friction  in  the  shafting  is  nearly  constant  under  the  variation  of 
load,  the  power  required  to  overcome  this  friction  was  47  percent, 
of  the  total  power  used.  When  the  bed  of  the  planer  reversed 
from  its  slow  cutting  stroke  to  the  comparatively  rapid  return 
stroke,  the  current  increased  to  52  amperes,  showing  an  expendi- 
ture of  7.6  H.  p.  for  a  few  seconds.  This  tool  was  planing  the 
frame  of  a  90  k.  w.  multipolar  dynamo,  the  material  being 
cast-iron. 

12.  This  group  was  a  very  large  one,  consisting  of  20  machines ; 
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8  lathes,  4  milling  machines,  3  planers  and  shapers,  2  grindstones, 
1  vertical  shaft  grinding  machine,  and  3  small  tools.  The  motor 
in  this  case  was  rated  at  10  h.  p.  at  750  r.  p.  m.  A  Thomson 
recording  wattmeter  was  placed  in  the  circuit  of  this  motor  for 
one  afternoon.  At  the  end  of  this  time  the  wattmeter  showed  a 
total  of  17,854  watt-hours  used,  and  as  the  time  was  five  hours, 
the  average  power  was  3,571  watts  or  4.78  h.  p.  The  average 
number  of  ^lachines  running  was  13,  most  of  the  lathes  being  in 
use  the  greater  part  of  the  time.  An  ammeter  was  inserted  in 
the  circuit  of  the  motor  for  a  few  minutes,  and  it  was  noted  that 
the  work  was  very  steady,  the  current  not  varying  more  than  3 
or  4  amperes  at  any  time. 

13.  A  group  of  five  machines  run  by  a  3  h.  p.  motor  was  next 
tested.  Of  these  five  machines,  one  was  a  lathe  with  17  inches 
swing  and  8  feet  bed,  one  was  a  slotter,  and  the  other  three  were 
lathes  of  12  or  14  inches  swing. ,  The  average  amperes  were  7  and 
the  power  1.03  h.  p. 

14.  The  last  tool  tested  at  this  factory  was  a  large  new  engine 
lathe,  which  had  just  been  set  up,  of  50-inch  swing.  This  tool 
was  driven  by  a  3  h.  p.  motor  mounted  on  an  iron  bracket  built 
in  the  base  of  the  machine.  The  motion  of  the  motor  shaft  is 
transmitted  to  the  tool  by  gears,  thus  doing  away  with  all  belts. 
The  work  done  was  turning  a  5^-inch  steel  shaft  for  a  200  k.  w. 
dynamo,  facing  the  ends  etc.,  the  cut  being  very  light,  as  the 
work  was  only  preliminary.  The  average  current  consumption 
was  11.4  amperes.     Hence  the  average  power  was  1.68  h.  p. 

The  following  tests  were  made  in  the  erecting  shop  of  the  De 
La  Vergne  Refrigerating  Machine  Company,  at  Port  Morris, 
N.  Y. 

1.  Planer,  A  large  planer,  120  inches  between  posts,  by  108 
inches  high,  by  22  feet  bed  was  driven  by  a  C.  and  C.  motor  of 
15  H.  p.  The  voltage  employed  was  supposed  to  be  220,  but  due 
to  an  incorrect  station  voltmeter  the  actual  potential  only 
averaged  190  volts  on  the  morning  of  this  test.  The  average 
current  was  found  to  be  20.08  amperes  which  at  190  volts  repre- 
sents 5.11  H.  p.  At  the  reversal  from  the  cutting  to  the  back 
stroke,  the  current  increased  to  85  amperes,  equivalent  to  21.65 
H.  p.  The  power  required  during  the  cutting  stroke  was  4.76 
H  p.,  while  on  the  return  stroke  the  average  was  5.73  h.  p. 

2.  Drill  Press.  A  drill  press  driven  by  a  5  h.  p.  C.  and  C. 
motor  was  tested  in  the  afternoon.     The  potential  was  raised  be- 
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fore  this  test,  bo  that  the  average  was  215  volts.  The  power  required 
when  drilling  variously  sized  holes  is  shown  in  the  following  table : 


Sise  of  Drill. 

Amperes. 

H.P. 

Runniog  Free, 
iin. 

81:: 

3. 
4.07 

4.37 
4.6 

.865 
1.23 
1.26 
1.33 

3.  Corliss  Cylinder  Baring  Machine.  This  tool  was  driven 
by  a  10  H.  p.  C.  and  C.  motor  and  was  boring  the  brass  boxes, 
6}  in.  diameter,  of  the  main  shaft  bearing  of  a  large  ice  machine. 
The  average  current  was  14.47  amperes,  representing  4.17  h.  p. 
at  215  volts. 

In  order  to  place  the  results  in  a  more  convenient  form  the 
following  table  of  average  powers  was  compiled. 

Tests  at  the  Cbockeh- Wheeler  Factory. 


No.  of 
Test. 

Size  of 
Motor. 

Number  of  tools  driv- 
en by  motor. 

Average 
Amperes. 

Average 
horse  power. 

Remarks. 

X 

1.5  M.  P. 

X  boring  machine. 

8.3 

1.23 

a 
3 

4 

J;     !! 

I  drill  press. 
-    »*        •• 

1    **       •* 

1.9 

•4a 
•4a 
.a8 

)  LessthanJ^fullioad 
V         of  motor. 

5 
6    ' 

X.          " 

1  punch  press. 

X  gang  drill, 
a  machines. 
6 

4.86 

4.75 

.7« 
•7 

{"""Tn.lX.'"''* 

7 
8 

I.'      *' 

10.04 

5.86 

\t 

All  small  machines. 

9 
10 

ZI 
13 

7.5  *; 

xo. 

7  ** 

8  ** 

a        '* 
to        *' 

13.36 

g.92 

33> 

4.87 
4.78 

)  Required  a.3  m.  p  to 
(      run  shaftmg  only. 
Tested  by  wattmeter. 

»3 
M 

3.    " 

5 

X  engine  lathe. 

7.0 

XX.4 

X.03 
1.68 

j  Light  cut  Uken  by 
}           tool. 

Tests  at  the  De  La  Verone  Works. 


X 

15.  M.  P. 

a 

5. 

3 

xo.         ** 

X  planer. 

I  drill  press. 
I  boring  tool. 


4.07 
M.47 


5.«» 


'•23 

4.«7 


I  Planer  xo  ft.  x  q  ft.  x 
2a  ft.  Voltage  190. 
)         %  in.  dtiU. 

Voltage  ai5. 

Voltage  215. 


The  results  obtained  in  these  tests  show  that  the  power  re- 
quired to  drive  machine  tools  has  been  considerably  overesti- 
mated, for  it  will  be  noted  that  with  a  large  majority  of  the 
tools  tested,  the  motor  was  not  more  tlian  one-half  loaded,  and  in 
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these  cases  it  was  seldom  that  the  load  equalled  the  full  power  of 
the  motor,  even  for  an  instant.  In  the  case  of  the  large  planer, 
although  the  motor  was  overloaded  50  per  cent,  upon  reversal  of 
the  bed,  the  average  load  was  only  one-third  of  the  rated  full 
load.  With  this  machine,  however,  when  the  piece  of  work  is 
very  short,  necessitating  more  rapid  reversals,  the  average  load 
will  be  much  nearer  the  most  economical  output  of  the  motor. 

The  question  of  running  machine  tools  by  individual  motors  or 
grouping  a  number  of  machines  together  and  driving  them  by 
one  motor,  does  not  seem  to  allow  of  a  general  solution.  It  would 
not  be  advisable,  for  example,  to  use  the  individual  system  where 
there  are  a  number  of  small  tools,  each  one  of  whicli  requires  only 
a  small  fraction  of  a  horse-power.  On  the  other  hand  if  we  have 
a  large  tool  that  requires  considerable  power,  it  would  seem  to  be 
far  more  economical  to  run  it  by  a  single  motor,  using  as  little 
belting  and  shafting  as  possible. 

Many  of  the  manufacturers  of  machinery  are  now  supplying 
boring  mills,  punching  presses,  drill  presses  and  other  machine 
tools  arranged  to  be  driven  by  electric  motors.  In  most  cases  all 
that  is  necessary  is  a  shelf  or  bracket  on  the  tool  to  support  the 
motor,  and  a  gear  wheel  in  place  of  the  main  pulley,  unless  a  belt 
connection  is  preferable.  A  press  or  other  tool  having  a  large  fly- 
wheel may  be  driven  very  conveniently  by  cutting  teeth  on  the 
edge  of  the  wheel  which  gear  with  a  pinion  on  the  motor  shaft. 

Electric  Power  in  the  New  England  Cotton  Mills. 

The  introduction  of  the  electric  system  of  diBtribution  of  power 
in  the  cotton  industries  of  New  England  is  now  fairly  begun. 
Although  there  are  no  large  mills  driven  entirely  by  this  system, 
a  number  of  them  have  an  electric  plant  and  certain  sections  of 
the  mill  are  driven  by  motors.  An  electric  plant  was  installed 
four  or  five  years  ago  in  the  works  of  the  Silver  Spring  Bleach- 
ing and  Dyeing  Co.,  at  Providence,  R.  I.,  but  it  was  intended 
chiefly  for  lighting.  But  motors  were  placed  in  the  carpenter 
and  repair  shops,  and  several  other  places,  until  at  present  there 
are  about  100  h.  p.  of  motors  installed  in  eight  units.  The  gen- 
erating plant  consists  of  three  100  h.  p.  U.  S.  dynamos  belted  to- 
gether from  a  countershaft  whicli  is  driven  by  a  Corliss  engine.  Two 
of  the  machines  are  i  10- volt  dynamos  which  are  used  for  lighting 
and  running  most  of  the  motors  at  present.  The  third  machine 
which  has  just  been  installed  is  a  500-volt  Westinghouse  power 
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generator  of  the  same  type  as  the  lighting  machines.  There  is 
only  one  machine  at  present  connected  to  the  500-volt  circuit,  a  30 
H.  p.  motor  which  drives  a  centrifugal  pump  supplying  a  storage 
reservoir  with  water  for  use  in  the  bleacheries.  The  electric  plant 
in  this  mill  is  not  of  much  importance  yet,  but  its  chances  for  de- 
velopment are  very  bright  since  there  are  a  number  of  machines 
now  run  by  individual  steam  engines.  These  could  be  most  ad- 
vantageously replaced  by  electric  motors  as  they  are  in  some  cases 
a  great  distance  from  the  boilers,  involving  large  losses  from  con- 
densation. 

A  visit  was  made  to  the  works  of  the  Dunnell  Manufacturing 
Company,  at  Pawtucket,  R.  I.,  where  a  very  fine  electric  plant  has 
very  recently  been  installed  to  drive  the  calico  printing  machines. 
The  problem  of  running  this  class  of  machinery  by  electric  motors 
has  been  a  very  diflScult  one  to  solve,  for  the  motor  must  be  capable 
of  running  at  a  number  of  different  speeds,  and  running  constant- 
ly at  any  given  speed  with  a  variable  load.  In  this  case  it  has 
been  solved  by  the  use  of  a  modification  of  the  Leonard  system  of 
motor  regulation.  The  outfit  for  each  printing  machine  coDsists 
of  a  motor  and  a  dynamo  of  the  same  size,  the  field  rheostat  of 
the  dynamo  being  placed  alongside  the  printing  machine.  The 
speed  of  the  motor  is  thus  changed  by  varying  the  voltage  of  the 
particular  dynamo  wiiich  supplies  it  with  current. 

The  dynamo  room  contains  eleven  dynamos  of  the  new  moder- 
ate speed,  four-pole  type,  made  by  the  General  Electric  Company. 
They  are  run  by  a  Corliss  engine  through  a  system  of  belting  and 
ceiling  countershafting.  Six  of  these  are  20  k.  w.  machines  and 
four  are  25  k.  w.  The  eleventh  dynamo  is  a  similar  20  k.  w.  ma- 
chine used  for  exciting  the  fields  of  the  other  dynamos.  The  nor- 
mal potential  is  250  volts,  and  is  lowered  in  any  particular  dynamo 
when  slower  speed  of  the  motor  connected  to  that  circuit  is  de- 
sired. This  plant  has  been  completed  but  a  short  time,  and 
it  was  not  possible  to  obtain  any  accurate  figures  showing  the 
power  used  by  the  motors  under  various  conditions  of  8])eed  and 
load.  Formerly  the  machines  were  run  by  individual  engines 
and  much  difficulty  was  experienced  in  starting  them,  as  the  pres- 
sure of  the  printing  rolls  against  the  cloth  is  so  great.  With 
electric  motors  this  difficulty  is  overcome,  as  the  motors  will  stand 
a  very  heavy  overload  for  a  short  time,  and  the  starting  torque  is 
very  great.  The  great  advantage  of  the  electric  system  as  here 
used,  is  not  so  much  in  the  saving  of  power  as  in  the  convenience 
to  the  workmen,  and  hence  the  increased  production. 
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The  saving  of  power,  however,  is  quite  considerable  as  in  the 
old  system  steam  was  piped  several  hundred  feet  to  the  small 
individual  engines,  which  were  necessarily  inefficient  under  the 
best  conditions,  and  added  to  this  the  engines  were  run  part  of 
the  time  with  partly  closed  throttle,  still  further  decreasing  the 
efficiency.  With  the  present  system,  the  attendant  at  the  machine 
may  quickly  vary  the  speed  to  any  required  extent  by  turning  the 
rheostat  near  the  machine. 

Although  this  plant  has  been  in  operation  only  a  short  time, 
it  is  claimed  by  those  in  control  that  the  production  is  materially 
increased.  In  a  paper  by  Mr.  S.  B.  Paine  in  Power^  June,  1895 
he  states  that  the  increase  in  the  production  amounted  to  more 
than  25  per  cent.,  and  that  the  quantity  of  "seconds"  (inferior 
product)  was  also  considerably  reduced. 

This  is  very  important,  as  the  men  in  charge  of  printing 
machines  are  skilled  workmen  of  the  higher  order,  and  a  small 
saving  in  wages  for  a  given  production  is  of  more  value  than  a 
considerable  saving  of  power. 

A  vipit  to  Baltic  and  Taftville  was  also  made  to  see  the  practi- 
cal working  of  the  well-known  power  transmission  plant  between 
these  places.  At  Taftville,  where  the  Ponemah  mills  are  located, 
there  is  not  sufficient  water  power  to  drive  all  the  machinery,  so  an 
electric  plant  was  installed  at  Baltic,  4^  miles  up  the  river  where 
a  dam  had  been  built,  giving  an  available  head  of  34  feet.  The 
wheels  are  horizontal  balanced  turbines,  two  of  tiiem  being  rated 
at  800  H.  p.  each,  while  the  third  one  is  rated  at  300  h.  p.  The 
wheels  are  belted  to  a  long  line  shaft,  which  is  in  turn  belted  to 
the  dynamos.  The  generators,  of  which  there  are  two,  are  placed 
in  a  separate  room.  They  are  of  the  three-phase  General  Electric 
type  and  are  capable  of  supplying  250  k.  w.  at  2,400  volts.  They 
have  ten  poles  and  run  at  600  r.  p.  m.,  giving  a  frequency  of  50 
cycles  per  second.  The  field  is  excited  by  a  3  k.  w.  bipolar  dy- 
namo belted  from  the  generator  shaft.  The  power  is  transmitted 
to  Taftville  by  a  very  well  constructed  pole  line.  The  motors 
are  located  in  the  basement  of  the  Ponemah  mill  near  the  engines 
which  they  replace.  They  are  belted  to  pulleys  which  are  con- 
nected to  their  respective  shafts  by  friction  clutches  in  order  to 
enable  the  motors  to  be  started  without  load,  as  they  are  of  the 
synchronous  type.  The  motors  are  identical  with  the  dynamos 
except  in  having  an  induction  winding  of  heavy  bars  sunk  in  the 
pole-pieces,  to  cause  them  to  be  self -starting.     In  starting  the 
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motors,  the  switch  in  the  indaction  circuit  is  closed  and  then  the 
line  is  connected  to  the  armature,  causing  it  to  start  as  an 
induction  motor,  without  a  very  great  torque,  however.  When 
the  motor  has  nearly  reached  full  speed,  the  field  is  excited  and 
it  will  speed  up  until  it  falls  into  step  and  then  the  induction 
switch  is  opened.  This  method  of  starting  has  two  advantages : 
first,  no  auxiliary  motor  is  needed ;  second,  no  device  is  required 
to  tell  when  the  motor  is  in  synchronism  with  the  generator. 

One  of  these  motors  drives  1,200  looms  requiring  an  expen- 
diture of  about  155  h.  p.  The  other  drives  500  looms  and  also 
the  railway  generators  for  the  Norwich  Electric  Bailway  Co. 
The  introduction  of  this  plant  has  enabled  the  company  to  con- 
centrate all  its  power  for  use  in  one  mill,  tending  to  decrease  the 
cost  of  production,  diminishing  transportation  charges  and  avoid- 
ing the  use  of  any  coal  for  steam  power. 

Conclusions. 

First  Cost. — Practically  the  only  objection  which  can  be  urged 
against  the  electric  system  is  the  fact  that  the  first  cost  of  in- 
stallation is  greater  than  with  ordinary  belting  and  shafting,  but 
even  this  \&  questionable,  since  the  authors  know  of  cases  in  which 
the  estimated  total  cost  of  installing  the  necessary  belting  and 
shafting  was  actually  greater  than  the  equivalent  electric  motor 
outfit.  The  electric  system  would  be  cheaper  for  example  in  the 
case  of  very  long  or  scattered  buildings  or  those  containing  many 
stories  or  rooms,  in  any  of  which  cases  the  belting  and  shafting 
required  would  be  very  complicated  and  expensive.  The  use  of 
belting  and  shafting  requires  a  much  stronger  and  more  expensive 
roof  or  ceiling  than  the  electric  system. 

Samng  of  Power. — It  might  seem  that  the  electric  system 
would  actually  consume  more  power  than  the  ordinary  plan  since 
it  involves  two  transformations  of  energy.  In  most  case^^,  how- 
ever, if  the  power  has  to  be  distributed  to  a  number  of  machines, 
particularly  if  they  are  located  at  any  distance  from  the  engine, 
the  loss  of  power  is  less  with  electric  transmission.  This  is  ex- 
plained by  the  high  eflSciency  of  the  dynamo  and  motor,  com- 
pared with  the  low  efficiency  of  belt  transmission  as  ordinarily 
practiced,  involving  as  it  often  does  very  imperfect  alignment 
and  lubrication  of  the  shafting.  Perhaps  the  greatest  having, 
however,  of  the  electric  system  is  due  to  the  fact  that  the  con- 
sumption of  energy  entirely  ceases  when  the  tool  stops.     This 
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stoppage  in  the  case  of  the  busiest  tools,  amonnts  to  at  least  25 
per  cent,  of  the  nominal  working  hours  throughout  the  year,  and 
with  large  or  special  tools  which  are  not  used  so  steadily,  the 
stoppage  is  often  as  high  as  50  to  75  per  cent.,  since  there  are 
many  whole  days  when  they  are  not  used  at  all. 

Idleness  due  to  strikes  as  well  as  to  slack  times  must  also  be 
considered,  and  would  usually  amount  to  quite  a  large  percentage 
in  ten  years  for  example.  This  assumes,  of  course,  that  a  portion 
of  the  shop  is  running,  which  is  usually  the  case  even  under 
such  conditions.  In  short,  with  the  mechanical  system  there  is 
an  enormous  amount  of  shafting,  idle  pulleys  and  belting  which 
run  for  long  periods  of  time  doing  little  or  no  useful  work,  but 
consuming  considerable  power. 

Wherever  electric  motors  can  be  substituted  for  a  number  of 
small  engines  scattered  about,  the  saving  in  power  is  very  great 
not  only  because  of  the  low  eflSciency  of  small  steam  engines,  but 
also  by  the  avoidance  of  condensation  in  long  steam  pipes. 

Increased  Output — This  is,  perhaps,  the  most  important  ad- 
vantage gained  by  the  electric  system,  since  after  all  the  cost  of 
power  is  a  very  small  item,  being,  according  to  Mr.  Richmond,* 
only  about  1  per  cent,  of  the  wages  paid  in  average  machine  shop 
practice. 

This  increased  output  is  secured  by  the  greater  convenience 
and  promptness  in  starting  and  stopping  as  well  as  in  regulating 
the  speed  of  the  machinery.  The  workman  can,  for  example, 
temporarily  increase  the  speed  when  the  conditions  are  favorable, 
thereby  saving  considerable  time. 

Flexibility.  The  great  convenience  of  moving  the  tools  and 
placing  them  in  any  desired  position  is  another  special  advantage 
of  the  new  system.  The  great  adaptability  of  this  system  is  par- 
ticularly well  shown  in  the  case  of  a  factory  which  was  almost 
completely  destroyed  by  fire,  nevertheless  a  few  uninjured  tools 
in  a  remote  end  of  the  building  were  operated  successfully  by 
means  of  electric  motors  within  two  days  after  the  fire. 

Speed  Regulation, — The  ordinary  type  of  motor  used  in  fac- 
tories is  the  plain  shunt  wonnd  machine,  fed  with  constant  poten- 
tial current.  The  motor  is  started  and  varied  in  speed  by  means 
of  a  rheostat  in  the  armature  circuit.  This  simple  arrangement 
answers  very  well  in  most  cases,  but  for  variable  speed  between 
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wide  limits,  a  series  wound  motor  controlled  by  a  rheostat  as  in 
electric  railway  practice  may  be  preferable.  In  other  cases  some 
special  method  of  regalation  such  as  the  Leonard  system,  or  the 
"  boost  and  retard  "  plan  may  be  adopted. 

In  concluding,  the  authors  wish  to  express  their  sincerest 
thanks  to  the  various  companies  for  the  courtesy  shown  by  them 
and  for  the  kind  assistance  which  they  rendered  during  the 
tests. 


BO 


10-^ 


1 


yuw"^  / 


I 


uamitUL  WORK 


j\ 


Z7\ 


UBS  'UL  WGRt 


ii 


ESTlHAtED  FH1CTI0M 


ESTJUATED  FRICTtQN 


^^ 


n 

JR3) 


F  M    (4V  MOiTRS) 


Comparison  between  Useful  and  Total  Power  Consumed  in  a  Factory, 
Observations  taken  every  Fifteen  Minutes. 

Bibliography. 

The  most  important  papers  on  this  subject  which  have  ap- 
peared up  to  date  include : 

*' Electricity  in  Mill  Work,"  by  C.  S.  Hussey,  read  before  the 
N.  E.  Cotton  Manuf.  Association,  April  29,  1891. 

"  Electric  Machine  Tools,"  by  8.  S.  Wheeler,  EUcirical.  En^ 
(jinser,  April  12.  1893. 

"  Development  of  Electric  Machine  Tools,"  by  S.  S.  Wheeler, 
Electrical  En^inser,  Oct.  4,  1893. 

"  Power  Losses  in  Transmission  Machinery,"  by  Wm.  S.  Aid- 
rich,  American  Society  of  Mechantcai  Engineers ^  June,  1894. 

"  Electric  Power  in  Factories,"  by  T.  Richardson,  Electrician^ 
London,  Oct.  19,  1894. 

"  Electricity  in  the  Iron  and  Steel  Industry."  by  D.  Shelby 
Biggs,  En<jhieerin<j  Magazine.  December,  1894. 

"  Electric  Power  in  Factories,"  by  G.  Richmond,  Engineering 
Mayazine^  January,  1895. 


Digitized  by 


Google 


1896.]  DISCUSSION  AT  NIAGARA  FALLS.  811 

"  Direct  Electric  Driven  Machines/'  by  W.  E.  Hall,  Oassier^s 
Magazine^  February,  1895. 

"  Electricity  in  Textile  Manufacturing,"  by  Dr.  Louis  Bell, 
Cassier^s  Magazine^  February,  1896. 

A  paper  by  S.  B.  Paine,  read  before  the  N.  E.  Cotton  Manuf . 
Association,  appears  in  Power,  June,  1895. 


Discussion. 

The  President  : — I  think  that  Dr.  Crocker's  apology  for  pre- 
senting exact  data  is  not  necessary,  as  that  is  precisely  what  we 
want.  Opinions  are  valuable,  more  or  less,  according  to  the  per- 
sons they  come  from.  Exact  data  is  always  valuable,  and  in  a 
new  departure  of  this  kind  it  is  especially  useful  to  us,  and  the 
data  given  here  is  certainly  of  great  value  to  any  one  who  is  con- 
nected with  machine  work.     The  paper  is  open  for  discussion. 

Dr.  C.  E.  Emkry  : — This  paper  is  of  great  value.  Without 
question  the  electric  motor  should  play  an  important  part  in  shop 
transmission.  The  extreme  view  origmally  expressed  that  a  mo- 
tor  should  be  applied  to  every  tool,  is  modified  oy  the  illustrations 
here  presented,  though  unquestionably  there  are  many  tools  which 
should  be  thus  driven  independently.  For  tools  that  are  used  oc- 
casionally it  is  wasteful  to  Keep  a  belt  running,  particularly  in  an 
out-of-the-way  corner  where  a  long  line  of  shafting  must  also  be 
kept  in  motion.  An  electric  motor  is  desirable  in  such  case  as 
well  as  to  operate  tools  which  are  at  times  used  during  the  night. 
There  are  also  many  tools  of  which  the  speed  is  reouired  to  be 
changed  frequently,  which  can  be  most  economically  and  most 
satisfactorily  operated  by  nn  electric  motor.  There  are,  however, 
advantages  in  having  some  of  the  tools  grouped  together,  for  the 
reason  stated  in  the  paper,  that  the  power  required  for  the  group 
is  much  less  than  the  sum  of  the  powers  required  to  operate  eacli 
separatfly.  Properly  arranged  groups  therefore  require  a  less 
number  of  motors,  and  motors  of  less  aggregate  power,  and  more- 
over the  larger  motors  are  proportionaWy  chejiper  so  that  a  con 
siderable  saving  of  interest  is  secured  to  balance  the  comparativelv 
small  losses  due  to  running  short  countershafts.  These  consid- 
erations are  not  arguments  against  the  desirability  of  using  inde- 
pendent motors  on  certain  tools,  but  show  the  necessity  in  this, 
as  well  as  in  all  branches  of  engineering  work  of  considering  the 
conditions  for  each  particular  case. 

The  electric  method  of  transmission  has  become  of  great  im- 
portance in  the  distribution  of  small  powers  in  our  large  cities. 
In  the  lower  part  of  New  York  it  is  very  common  to  have  ware- 
rooms  and  small  shops  in  the  same  loft.  With  the  old  svstem 
long  shafts  were  run  underground  and  through  various  buildings 
with  belts  leading  in  all  directions,  and  in  many  such  shops  the 
rattle  of  the  machinery  could  be  distinctly  heard.  Now,  in  many 
such  places,  small  motors  are  substituted  requiring  little  care,  and 
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the  noise  is  so  far  decreased  that  it  is  hard  to  realize  that  manu- 
facturing is  being  conducted  in  the  same  room.  The  facilities 
for  working  overtime  are  very  greatly  increased,  as  it  is  no  longer 
necessary  to  make  charges  for  keeping  long  lines  of  shafting  in 
operation  and,  indeed,  when  the  current  is  taken  from  the  street, 
service  is  on  tan  all  the  time  and  the  expense  ceases  when  the 
work  is  stopped.  Such  a  power  transmission  practically  makes 
whole  blocks  of  buildings  part  of  a  large  manufactory,  and  the 
advantages  of  the  system  are  equally  applicable  in  regular  shop 
practice.  We  are  particularly  to  be  congratulated  in  having  the 
facts  stated  in  relation  to  the  different  methods  of  installation,  and 
the  same  will  prove  very  valuable  in  laying  out  future  plants.  I 
feel  very  grateful  to  the  authors  of  the  paper  for  the  clear  pres- 
entation they  have  given  us  of  the  subject,  and  particularly  for 
the  very  valuable  facts  they  have  presented. 

Mb.  H.  Ward  Leonard  :—  I  have  some  familiarity  with  the 
plant  that  the  authors  have  mentioned,  that  has  been  mstalled  at 
the  works  of  Dunnell  and  Co.,  at  Pawtucket,  R.  I.,  and  as  it  is  a 
pretty  good  sample  of  the  superiority  of  the  electric  motor  over 
steam  engines  for  practice  of  that  kind,  it  may  be  interesting  to 
give  the  facts  in  connection  with  that  case.  These  presses  for 
calico  printing  are  quite  large  affairs.  They  take  about  30  h.  p., 
and  formerly  there  was  a  throttling  engine  connected  with  the 
press,  and  by  operating  the  throttle  the  speed  of  the  press  was 
regulated  by  the  operator,  for  each  particular  press.  Tne  torque 
of  the  engine  was  not  sufficient  to  enable  them  to  start  the  press 
up  from  rest  except  by  the  aid  of  a  pinch  bar,  which  was  used  by 
the  operator  to  aoj^  to  the  torque.  The  presses  have  a  lar^  num- 
ber of  rolls  which  are  arranged  in  a  circular  frame  and  these  are 
set  down  by  pressure  upon  a  blanket  sort  of  an  affair,  so  that  the 

Pressure  upon  the  rolls  and  the  number  of  rolls  set  down  will 
etermine  the  torque.  The  electric  motors  that  were  put  in 
there  at  first  were  of  the  plain  shunt-wound  type,  with  a  rheostat 
in  the  armature  circuit.  1  think  it  may  be  well  to  point  out  the 
conditions  with  a  shunt-wound  motor  and  a  rheostat  in  the  arma- 
ture circuit.  Suppose  that  we  have  the  armature  so  running  that 
it  is  at  one-tenth  its  full  speed,  so  that  about  nine-tenths  of  the 
total  voltage  of  the  line  is  dropped  upon  the  rheostat  and  one- 
tenth  is  upon  the  terminals  of  the  armature.  If  now,  under  those 
conditions,  the  torque  and  consequently  the  current  be  increased 
10  per  cent.,  the  entire  drop  of  voltage  will  be  upon  the  termin- 
als of  the  rheostat,  and  the  motor  will  come  to  rest.  Therefore 
any  slight  variation  in  torque  in  a  motor  controlled  by  a  rheostat 
at  slow  speeds  makes  its  movements  extremely  erratic,  and  it  is 
impossible  to  obtain  any  kind  of  satisfactory  results.  In  a  case 
like  this  printing  press,  where  the  torque  was  quite  variable  as 
the  press  went  around,  due  to  variations  in  the  thickness  of  the 
blauKet,  etc.,  that  method  of  operation  was  not  a  success,  and 
they  then  used  the  plain  series-wound  motor,  and  with  the  same 
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diflSculties,  and  even  more  marked.  Then  a  com  mutated  field 
motor  was  employed,  and  finally  a  very  strongly  accumulatively- 
wound  compound  machine  was  used,  and  none  of  the  results 
were  satisfactory,  and  I  made  an  application  of  my  method  of  ex- 
citing the  motor  field  constantly,  and  then  varying  the  strength 
of  the  generator  field,  which  is  also  separately  excited,  and  we 
were  able  to  get  perfect  control  of  the  speed  and  practically  un- 
limited torque.  We  were  able  to  start  without  any  difficulty — 
without  any  outside  assistance,  and  one  point  whicn  was  rather 
impressive  to  the  steam  engineer  present — the  Westinghouse- 
Church-Kerr  Company  were  the  parties  who  were  putting  in  the 
steam  plant — and  Mr.  Church  was  there.  When  I  succeeded  in 
operating  the  press  satisfactorily,  operating  it  at  variable  speeds, 
and  he  saw  the  very  enormous  torque  which  the  motor  was  de- 
veloping in  starting,  he  stated  that  while  I  seemed  to  be  able  to 
get  the  press  going,  he  had  no  such  surplus  power  in  his  engines 
as  woula  permit  of  such  a  very  large  load  being  suddenly  thrown 
upon  them  ;  and  when  I  explained  that  while  the  torque  was 
very  large,  yet  the  energy  was  quite  small  really,  on  account  of 
the  low  voltage  employed  in  starting ;  he  said  that  he  would  not 
attempt  to  discuss  tlie  subject  theoretically,  but  that  as  he  had  an 
indicator  on  his  engine  at  that  time,  that  he  would  take  diagrams 
if  I  would  start  the  press  up  at  its  slowest  speed  half-a-dozen 
times,  and  he  would  find  out  how  much  power  was  indicated.  80 
the  press  being  about  600  feet  across  the  yard  from  the  engine 
house,  we  set  our  watches  together  and  at  a  certain  time  I  started 
the  press  about  half-a-dozen  times  or  more,  and  he  kept  the  pen- 
cil down  on  the  diagram  taking  the  card.  Then  we  waited,  and  in 
the  course  of  half-an-hour  word  came  over  to  us  to  ask  why  we  had 
not  started  up.  The  fact  was  that  he  had  an  engine  running  at 
about  75  H.  p.,  and  the  additional  power  of  starting  the  press  was 
so  trifling  that  he  thought  it  was  just  the  usual  slight  variations 
of  the  cut-off  of  the  engine  and  did  not  think  the  press  had  been 
started  at  all.  That  shows  the  amount  of  starting  power  that 
would  be  required  in  such  a  case  as  that.  Last  July  I  saw  the 
original  press  that  I  put  into  operation  about  three  years  and  a 
half  ago.  The  generator  was  a  regular  old  bi-polar  Edison  ma- 
chine of  about  25  k.  w.  with  an  exactly  similar  motor,  and  it  had 
been  running  in  regular  service  for  about  three  years  and  had 
copper  brushes  on  the  generator,  which  1  was  rather  surprised  at, 
as  1  thought  they  would  probably  have  changed  them  to  carbon 
before  that  time.  But  there  was  no  evidence  of  wear  upon  the 
commutator,  or  sparking,  and  the  result,  according  to  the  opera- 
tors of  the  press,  was  quite  satisfactory. 

Another  application  that  I  think  of  in  connection  with  machine 
driven  tools,  which  some  of  the  members  of  the  Institute  saw, 
and  has  been  used  considerably  by  William  Sellers  and  Co.,  is  in 
connection  with  large  boring  machines  for  boring,  drilling  and 
tapping  the  heads  01  boilers  and  things  of  that  nature,  where  it  is 
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desirable  to  secure  a  large  number  of  different  automatic  speeds 
and  a  reversible  motion.  But  mv  method  of  control  is  only  ap- 
plicable, on  account  of  complication  of  wiring  and  first  cost,  in 
instances  where  very  great  variation  of  speed  and  a  large  number 
of  automatic  speeds  are  required,  or  where  the  units  are  so  large 
that  rheostat  control  becomes  impossible  to  manipulate  or  pro- 
hibitive in  expenee. 

Mr.  Gano  S.  Dunn: — The  figures  given  by  Dr.  Crocker, 
of  a  loss  of  approximately  80  per  cent,  of  the  power  of  the  engine 
to  drive  the  shafting  idle  are  astonishing,  and  when  the  CrocKer- 
Wheeler  Electric  Company  first  took  up  the  question  of  motor 
driven  factories  this  statement  was  challenged  vQvy  generally  by 
the  authorities  to  whom  it  was  made.  They  brought  figures  to 
show  that  even  when  three  or  four  intermediate  sets  of  shafting 
were  used,  the  loss  in  the  journals  and  belts  for  a  given,  power 
delivered,  could  not  aggregate  such  an  amount ;  and  it  did  seem 
to  us  at  the  time  that  there  was  something  unexplained.  Dr. 
Crocker's  paper  points  out  the  cause,  and  I  believe  is  the  first  pa- 
per to  show  it  clearly.  It  is  the  fact  that  the  tools  are  in  actual 
operation  for  but  a  small  portion  of  the  total  time.  I  <lo  not 
doubt  that  if  every  tool  were  in  operation  all  the  time  under  full 
load,  the  efficiency  of  shafting  distribution  would  be  very  much 
higher  than  the  figures  he  gave.  The  figure  of  75  per  cent,  fric- 
tion loss  is  not  a  high  one.  We  have  equipped  factories  where  it 
has  been  up  to  85  per  cent.,  and  75  per  cent,  can  be  considered 
as  a  good  average  condition.  In  the  new  works  of  the  Crocker- 
Wheeler  Company,  much  care  is  being  taken  to  get  the  advantage 
of  all  points  learned  in  our  dealings  with  other  factories,  and  we 
hope  to  have  an  illustration  of  the  very  best  and  most  modern 
method  of  driving  a  shop.  The  wiring  is  to  be  down  under  the 
floor  and  to  come  up  at  each  machine  or  group  of  machines 
where  it  is  needed.  The  arrangement  of  circuits  is  such,  that  for 
occasional  night  or  special  work  a  very  small  generator  can  be  put 
on  and  run  one  or  two  tools,  and  those  tools  may  be  located  at 
any  part  of  the  factory.  We  hope  to  be  able  to  show  shortly 
what  may  be  considered  as  standard  practice  for  a  motor  system 
of  distribution,  and  one  which  will  be  a  precedent  for  some  years 
to  come. 

Mr.  Geo.  W.  Blodgett  : — I  had  occasion  a  few  months  ago 
to  look  up  the  subject  of  driving  machine  tools  by  electrical  mo- 
tors, and  1  visited  several  places  where  that  method  of  running 
machinery  was  in  use,  and  it  may  be  of  interest  to  the  members 
if  I  recite  some  of  the  facts  which  I  learned.  The  Morris  Safe 
Co.,  in  Readville,  Mass.,  are  driving  their  works  by  electric 
power  altogether,  using  a  steam  engine  and  a  generator  of  5C0 
volts,  I  believe — 80  h.  p.,  at  any  rate — which  drives  eight  motors 
in  different  parts  of  the  shop,  varying  in  capacity  from  10  to  25 
H.  p.,  each  motor  being  connected  with  a  section  of  shafting  from 
30  to  50  feet  long,  and  driving  a  group  of  tools.      Their  work  is 
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the  manufacture  of  fire-proof  safes,  and  they  make  use  of  ma- 
chinery for  doing  almost  the  whole  of  the  work,  and  all  the  ma- 
chinery in  the  shops  is  driven  by  electric  motors.  The  shop 
where  most  of  the  cleaning  and  polishing  is  done,  by  means  of 
emery  wheels,  is  a  very  difficult  place  to  operate  a  motor,  on  ac- 
count of  the  fine  dust  of  the  emery  and  steel  with  which  the  air 
is  tilled  and  which  of  necessity  gets  into  the  commutator  and  un- 
der the  brushes  to  a  certain  extent.  However,  with  the  excep- 
tion of  a  slight  sparking,  which  would  be  considered  under  other 
circumstances  a  rath*  r  abnormal  sparking — no  difficulty  is  exper- 
enced — and  the  motor  which  I  saw  in  this  shop  had  been  nmning 
for  several  months  with  no  change  of  brushes  or  commutator,  and 
only  showed  a  reasonable  amount  of  wear,  certainly  nothing  dan- 
gerous. This  concern  formerly  operated  by  belting  and  shafting 
alone  another  shop  where  they  were  running  ab^ut  the  same 
number  of  tools  and  doing  the  same  kind  of  work,  and  they  esti- 
mate a  saving  of  2U  per  cent,  to  26  per  cent,  in  the  amount  of 
coal  used  now  over  what  it  was  when  they  ran  entirely  by  belting 
and  shafting. 

I  visited  also  a  concern  in  Worcester,  Mass. — the  Rice,  Barton 
and  Fales  Companv,  manufacturers  of  general  machinery,  largely 
for  paper  mills.  They  use  several  motors  of  which  three  are  on 
an  electric  crane,  one  for  moving  the  crane  to  and  fro  the  length 
of  the  shop,  another  for  moving  the  hoist  transversely,  and  tlie 
third  for  raising  and  lowering  weights.  It  works  with  perfect 
satisfaction  and  is  much  more  convenient,  takes  much  less  power, 
and  there  is  much  less  weight  than  with  a  steam  engine  for  which 
the  crane  was  first  designed. 

The  Kent  and  Stanley  Company,  of  Providence,  R.  I.,  have 
just  erected  a  large  seven  story  building  covering  more  than  an 
acre  of  ground,  which  is  operated  entirely  by  electric  motors. 
The  machinery  in  the  building  was  not  all  in  operation  when  I 
was  there,  but  was  being  fitted  up,  and  is  used  principally  for  the 
manufacture  of  jewelry  ;  the  different  floors  or  different  parts  of 
floors  being  let  to  manufacturing  concerns  which  do  this  kind  of 
work,  some  of  one  sort  and  some  of  another.  The  power  was  at 
that  moment  being  derived  from  the  Narragansett  Electric  Light 
Company,  but  dynamos  and  engines  were  being  installed  in  the 
basement  of  the  building  for  driving  motors  for  the  machinery  on 
the  different  floors.     Here  the  motors  are  usually  placed  on  a 

f)latform  suspended  from  the  ceiling,  high  enougn  to  clear  the 
leads  of  people  and  the  work  which  was  being  done  on  the  floor, 
usually,  I  should  say,  at  a  height  of  eight  or  ten  feet  above  the 
floor,  and  were  connected  by  a  belt  to  a  shaft  running  lengthwise 
or  crosswise  of  the  room,  and  driving  groups  of  machines.  I  was 
struck  here  with  the  saving  of  valuable  space,  and  particularly 
with  the  enormous  saving  over  what  would  have  been  re- 
quired for  transmitting  in  the  old  way  the  power  from  the  base- 
ment to  the  top  of  the  seven  story  building  and  around  in  differ- 
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ent  places  on  the  several  floors  of  the  building.  The  arrange- 
ment of  shafting  and  pulleys  to  do  that  work  would  have  been 
extremely  complicated. 

I  have  myself  recently  installed  an  electric  motor  for  driving  a 
•transfer  table  in  some  railroad  shops,  the  table  being  a  little  over 
65  feet  long,  weighing  78,000  lbs.,  and  adapted  to  transfer  a  loco- 
motive which  weighs  204,000  lbs.,  making  the  total  weight  of  the 
table  and  its  heaviest  load  more  than  280,000  lbs.  It  runs  upon 
two  rails  in  a  pit,  and  the  power  is  applied  bv  a  shaft  running 
the  length  of  the  table  and  connected  to  wheels  at  ea<ih  end  which 
run  upon  these  rails.  In  the  first  starting  of  the  table,  owing  to 
a  fault  in  its  construction,  a  part  of  the  iron  work  rested  upon  the 
rails,  and  the  weight  did  not  come  upon  the  wheels  but  upon 
these  iron  pieces  which  supported  a  part  of  the  weight  of  the  ta- 
ble. A  25  H.  p.  nominal  **  G.  E.  800"  motor  was  used,  and  we 
put  on  at  a  voltage  of  450,  more  than  100  amperes  without  start- 
ing the  table  at  first,  although  we  were  able  to  slip  the  wheels  on 
the  rails  without  moving  the  table  until  the  diflSculty  was  found 
and  remedied.  Now  it  takes  15  to  25  amperes  at  450  volts  to  run 
the  table,  and  it  works  much  more  smoothly  than  it  formerly 
did.  It  has  only  been  in  operation  a  few  weeks  and  will  doubt- 
less act  better  when  it  has  oeen  a  longer  time  in  service. 

Mr.  C.  R.  Van  Trump  : — The  engineer  who  has  to  do  with 
generating  and  furnishing  motor  power  is,  indeed,  indebted  for 
the  figures  that  are  given  in  this  able  paper.  It  gives  us  a  clue  that 
we  certainly  have  not  had  before,  and  brings  out  some  very  im- 
portant points.  Electricity  from  a  central  station  certainly  ap- 
pears expensive  to  the  ordinary  manufacturer  who  intends  to  run 
his  shop  with  it.  It  is  expensive  because  it  all  comes  in  a  lump, 
in  one  bill,  where  in  the  case  of  steam  power  or  other  motive 
power,  he  has  his  labor  and  his  coal  and  other  expenses,  repairs, 
that  come  in  one  by  one,  and  he  does  not  know  now  mucn  his 
power  does  cost  him.  In  the  case  of  electricity,  however,  he 
gets  his  bill  once  a  month  from  the  central  station,  and  it  seems 
very  large  indeed.  I  have  had  some  experience  quite  lately  in 
this  very  line,  and  will  mention  one  case  only,  of  a  small  printing 
shop  that  was  complaining  very  strenuously  about  the  cost  oi 
electric  power,  and,  in  testing  the  matter  out,  we  found  that  it 
cost  them  about  15  cents  an  hour  to  run  the  shop  with  nothing 
on.  At  10  cents  per  k.  w.  hour  his  largest  press  consumed  about 
nine  cents  an  hour,  and  it  was  run  very  little  indeed.  His  next 
largest  press  cost  him  about  five  cents  an  hour  to  run,  and  the 
others  aoout  two,  of  which  he  had  three.  He  did  not  run  more 
than  two  or  three  presses  at  a  time,  and  never  the  large  one  when 
he  ran  the  others,  so  that  his  frictional  losses  were  certainly  quite 
extensive  to  him. 

Mr.  Harry  Alexander: — Having  recently  had  occasion  to 
demonstrate  some  of  the  facts  mentioned  in  this  valuable  paper 
it  might  be  well  to  speak  of  the  circumstances.     In  fact  just  be- 
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fore  I  left  we  made  some  tests  in  a  certain  business  house  in  New 
York  that  runs  machines  for  manufacturing  purposes,  having 
about  25  H.  p.  (I  believe  a)  Whitehall  Corliss  engine  to  do  the 
work ;  we  were  trying  to  displace  this  engine  by  a  motor.  They 
did  not  feel  free  to  do  so  until  we  made  a  test. "  The  card  of  the 
engine  taken  at  the  time  by  the  engineer  of  the  company,  showed 
22  H.  p.  with  179  lbs.  of  coal.  The  steam  was  carried  about  80 
feet.  We  took  a  2()  k.  w.  dynamo,  coupled  it  to  exactly  the  same 
shafting,  the  conditions  being  exactly  alike,  the  coal  being  shov- 
eled directly  from  a  scale.  The  figures  showed,  with  the  same 
amount  of  machines  going,  the  same  work  being  done,  14<>  am- 
peres, which  is  about  20  h.  p.,  counting  about  800  watts  to  the 
horse-power,  at  92  per  cent,  efficiency.  The  saving  of  coal  at  that 
time  was  100  lbs.  for  the^ame  period,  the  coal  being  80  lbs.  against 
179  lbs.,  the  card  on  the  engine  showing  22  h.  p.,  while,  as  isaid, 
at  800  watts  per  h.  p.  the  motor  showed  about  20.  After  that 
test  was  made,  we  installed  a  motor  in  the  laundry  down-stairs,  a 
five  H.p.  motor,  running,  I  believe,  ten  hours.  The  motor,  when 
all  the  ironerswere  at  work,  consumed  an  average  of  34  amperes. 
At  that  time  we  decided  to  run  the  ironers  in  pairs,  as  they  usually 
were  run,  but  instead  of  transmitting  the  power  through  a  counter- 
shaft, decided  to  couple  a  one  h.  p.  motor  to  each  pair  of  ironers. 
After  that  was  done,  although  temporarily,  the  countershaft  not 
being  removed  and  the  motor  merely  placed  between  the  two 
ironers,  our  current  consumption  for  exactly  the  same  work  done 
was  a  little  less  than  20  amperes,  or  four  amperes  per  machine, 
there  being  five  one  h.  p.  motors  to  operate  each  pair  of  ironers  ; 
and  in  view  of  these  circumstances  1  should  say  that  this  alone 
showed  the  house  the  advantages  over  the  transmission  of  power 
through  belting.  I  have  not  quite  concluded  the  test,  as  things 
were  not  in  shape  at  the  time  I  left  for  me  to  give  any  further 
exact  figures,  but  under  the  circumstances,  especially  in  the  laun- 
dry, I  dare  say  that  the  figures  will  show  that  the  independent 
motor  under  certain  conditions  is  very  eSicient  indeed.  And  as 
to  the  35  H.  p.  motor  that  we  installed  up  stairs,  on  the  strength 
of  this  test,  we  have  decided,  instead  of  the  one  25  h.  p.  motor, 
to  run  the  floor  above,  which  is  principally  operated  by  an  engine 
now,  to  lay  it  out  in  four  wings,  operating  each  wing  by  an  inde- 
pendent motor  of  about  five  to  seven  or  seven  and  one-half  horse- 
power each. 

Dk.  S.  S.  Whekleb:— A  large  portion  of  the  electric  factory 
equipments  are  decided  upon,  because  of  the  flexibility  and  con- 
venience of  the  system,  and  therefore  1  think  that  this  feature 
deserves  a  little  more  emphasis  than  it  has  received  in  Dr. 
Crocker's  paper.  There  are  very  few  electric  power  plants  put 
into  factories  simply  l)ecau8e  it  is  the  ideal  or  the  most  perfect 
system.  1  think  the  prevailing  rule  is  that  the  manufacturer 
waits  until  he  finds  tnat  he  can  go  no  further  in  the  develop- 
ment of  his  factory  with  his  shafting,  and  is  forced  into  some 
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other  means  of  securing  power.  The  use  of  wires  of  course  en- 
ables the  manufacturer  to  carry  the  power  to  remote  points  on 
his  property  much  more  easily  and  quickly  than  he  could  carry 
it  by  shafting,  and  that  is  particularly  true  when  any  alterations 
or  additions  are  to  be  made.  I  know  of  several  instances  on  hand 
at  present,  where  the  owners  of  factories  have  decided  to  go  to 
the  small  increased  expense  of  electric  power,  because  they 
wanted  to  tear  down  a  part  of  their  buildings,  and  by  adoptin]^ 
an  electric  system  they  could  continue  the  power  in  the  remote 
parts  that  were  not  being  torn  down,  while  the  intervening 
Duildings  were  removed.  By  the  use  of  electric  service  they 
could  string  their  wires  across  the  spaces  and  fill  the  factory  up 
until  they  came  to  the  limit  of  their  engine  capacity.  And 
then  we  have  been  called  in  to  introduce  electric  power  in  place 
of  shafting  as  a  means  of  reducing  the  load  on  the  engine,  so 
they  could  continue  their  manufacturing.  In  other  cases  we  have 
put  in  electrically  driven  machinery,  so  that  part  of  a  factory 
might  be  driven  from  a  city  circuit,  while  they  were  rebuilding 
the  engine  room.  In  onr  own  work  we  had  a  large  50-inch  lathe 
in  a  building  which  was  completely  destroyed  by  fire.  That 
lathe  was  in  operation  within  two  or  three  days  after  the  fire, 
right  out  in  a  field,  driven  by  a  small  pole  line  from  the  engine 
room,  and  with  a  small  canvas  tent  over  it  to  keep  the  rain  and 
brick  dust  off  while  the  re-building  was  going  on.  That  lathe 
has,  owing  to  the  pressure  of  our  work,  been  in  continuous  use 
day  and  night  from  two  or  three  days  after  the  tire  until  now, 
when  the  new  buildings  are  completed  over  it.  That,  of  course, 
would  not  have  been  possible  if  it  had  l)een  a  shaft  driven  tool, 
but  as  an  electric  tool  we  could  keep  it  running  all  the  time.  In 
the  same  way  we  have  been  able  to  shift  other  tools  around  on 
roller  trucks  and  in  all  sorts  of  ways  to  various  parts  of  the  shop, 
and  put  wooden  sheds  over  them,  and  keep  them  going,  and  when 
the  building  came  to  the  point  wliere  they  stood,  we  would  take 
them  up  and  roll  them  along  20  or  30  feet  further,  get  them  out 
of  the  way  and  keep  them  running. 

Capt.  Wm.  Br<»phy:— In  his  conclusions,  the  author  of  this 
paper  has  omitted  one  very  important  factor  in  favor  of  the  electric 
motor.  Every  man  in  business  finds  it  necessary  to  insure  his 
property  against  loss  by  fire.  We  all  know  that  the  small  boilers 
and  small  engines  placed  in  basements  or  in  attics  have  been  a 
fruitful  source  of  fire.  If  the  fire  starts  in  the  basement,  it 
spreads  rapidly  through  the  upper  portions  of  the  building.  If 
the  boiler  and  engine  is  located  in  the  attic,  or  upper  story,  the 
entire  building  and  the  goods  contained  therein  are  injured  by 
water,  entailing  a  very  heavy  loss  on  insurance  companies.  I  re- 
gret to  say  that  there  are  some  insurance  associations  still  so  be- 
nighted that  they  cannot  appreciate  this  fact,  but  most  of  them 
do  All  of  them  will  yet  emerge  from  the  wilderness  and  realize 
that  the  electric  motor  is  a  great  benefactor  to  them  in  their 
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business.  There  have  been  a  few  cased  of  fire,  as  I  must  admit, 
that  have  been  traced  to  electric  motors,  bnt  it  is  due  to  the  care- 
lessness of  those  who  install  them,  or  of  those  who  have  them  in 
charge.  But  there  is  no  reason  why  an  electric  motor  should  be 
more  hazardous  as  a  tire  risk  than  a  refrigerator. 

Mr.  Oberlin  Smith  : — I  read  yesterday  in  a  local  paper  here 
that  Niagara  Kails  was  the  "electric city,"  but  probably  not  being 
fully  developed,  they  have  not  yet  got  electric  bells  into  my  room, 
nor  any  other  electric  waking-up  arrangement.  Some  of  my  most 
highly  charged  electric  friends  here  stored  me  so  fully,  a  good 
while  after  midnight,  with  valuable  high-potential  knowledge, 
that  I  didn't  get  switched  on  to  the  breakfast  circuit  very  early 
this  morning,  and  so  I  didn't  hear  all  of  this  valuable  paper.  1 
cannot  talk  about  it  as  clearly  as  I  would  like  to,  through  thus 
being  a  little  late,  but  next  time  we  come,  the  city  will  doubtless 
have  become  more  electric,  and  all  these  things  will  have  adjusted 
themselves. 

From  the  point  of  view  of  a  mechanical  engineer  more  especi- 
ally, 1  want  to  say  that  with  those  of  us  who  nave  thought  most 
and  seen  most  of  the  subject,  there  is  no  question  any  longer  but 
that  we  want  to  drive  our  tools  with  motors.  I  do  not  think  we 
need  any  more  discuss  whether  we  shall  or  shall  not,  as  we  did 
perhaps  a  year  or  two  years  ago.  We  were  then  feeling  our  way. 
Following  the  wonderfully  rapid  strides  in  electrical  develop- 
ment, we  have  now  gotten  to  a  place  where  we  need  not  ask  tue 
main  question.  We  want  to  use  them  as  a  matter  of  course.  It 
is  only  a  question  of  time  when  they  will  be  in  all  our  machine- 
shops  and  in  all  other  mills,  even  cotton  millsand  such  places  where 
the  power  required  is  very  constant,  where  really  we  do  not  need 
them  as  badly  as  we  do  in  the  machine-shops  and  other  places 
where  the  power  is  extremely  inconstant.  What  we  want  to 
discuss,  and  what  we  are  discussing  here,  is  merely  methods  and 
kinds  of  apparatus.  My  experience  has  not  been  as  great  yet  as 
1  would  wish,  although  that  is  a  matter  the  future  can  remedy. 
As  far  as  it  goes,  it  has  been  chiefly  with  punching  and  cutting 
presses  and  1  can  sav  that,  so  far,  the  behavior  of  motoi*s  under 
such  circumstances  has  been  admirable;  and  we  cannot  expect  a 
motor  to  act  as  well  in  intermittently  acting  machines  oi  this 
kind,  as  we  can  with  a  lathe,  or  even  a  planer.  Drill-presses, 
lathes  and  milling  machines,  where  a  constant  torque  is  usually 
required, at  any  rate  for  a  few  minutes  at  a  time,  are  much  easier 
on  a  motor,  than  is  a  press  where  the  power  required  for  running 
a  loose  flywheel  for  a  while  is  almost  nothing,  and  where  the 
torque  is  then  increased  instantly  for  only  a  fraction  of  a  second, 
perhaps  1,000  or  even  5,000  per  cent.,  then  going  right  down 
again.  All  this  is  well  taken  care  of,  however,  with  a  neavy  fly- 
wheel and  with  the  peculiar  adaptation  of  a  motor  for  such  work. 
In  running  press  flywheels  light,  a  little  object  lesson  has,  I 
think,  been  gained  in  calling  the   attention  oi  people  who  use 
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such  machines  to  the  considerable  power  that  is  being  wasted  in 
ordinary  shafting  journals.  Most  of  us  would  hardly  realize  it 
till  we  tried  it,  and  probably  with  nothing  but  the  old  fashioned 
dynamometer  we  might  never  have  taken  the  trouble  to  botlier 
with  a  flywheel  running  loose  on  a  stationary  shaft.  I  was 
somewhat  surprised  myself  to  see  that  from  one-half  to  one  horse- 
power was  nquired  for  the  ordinary  press  flywheel,  medium 
size,  weighing,  say,  from  six  to  twelve  hundred,  or  something  of 
that  sort.  The  journal  friction  in  such  cases  has  a  coefficient 
of  perhaps  15  or  20  per  cent.,  with  cast-iron  running  or  forged 
steel,  under  ordinary  conditions.  When,  therefore,  you  watch  an 
ammeter  and  see  that  it  registers  700  or  800  watts  with  a  mere 
loose  flywheel  running  around,  you  can  very  well  realize  what 
the  waste  of  power  must  be  with  a  mass  of  shafting  and  counter- 
shafting  and  idlers  of  all  kinds,  and  tight  belts  bending  over  the 
shafts  out  of  line.  This  increased  facility  of  observation  is  an  inci- 
dental advantage  which  the  motor  will  be  to  us,  and  makes  an 
ammeter  a  very  pretty  thing  from  which  to  read  the  power  used 
at  any  moment  by  the  machine  being  driven.  We  then  have  a 
simple  and  glorihed  form  of  dynamometer,  so  to  speak,  such  as 
we  never  would  otherwise  have  used. 

A  motor  is  sometimes  a  good  thing  for  such  work  as  driving 
presses  in  time  of  breakdowns.  I  had  recently  an  experience 
that  showed  the  advantage  of  such  driving  instead  of  having  a 
mass  of  transmission  machinery  attached  to  the  press  with  a  tight 
belt.  I  was  testing  a  press  that  would  give  about  50  tons  pres- 
sure for  punching  iron  with  holes  one  inch  in  diameter.  A  num- 
ber of  pieces  were  brought  from  the  smith-shop,  of  different 
thicknesses,  and  everything  worked  all  right  until  one  was  put  in 
which  looked  like  rusty  iron,  and  whicli  the  blacksmith  sent  in 
from  the  iron  pile,  assuring  us  it  was  a  "  piece  of  iron," 
like  the  rest,  but  which  happened  to  be  unannealed  tool-steel.  It 
was  far  beyond  the  capacity  of  the  press  to  punch  such  a  piece 
of  metal,  and  something  had  to  give.  The  die  was  mounted 
upon  a  cheap  "  bolster,"  which  very  properly  cracked  so  that  the 
stress  did  not  break  the  machine  itself ;  but  the  motor  behaved 
admirably.  The  fuse  went  off  with  a  ^'fourth-of-July"  sizz,  and 
the  motor  slackened  itself  right  down  so  that  everything  stood 
still  without  any  damage  at  all ;  whereas  if  we  had  l>een  con- 
nected with  the  whole  plant  of  an  ordinary  machine  shop,  I 
don't  know  what  would  have  happened. 

A  little  point  mentioned  by  Mr.  Dunn  is,  I  think,  a  valuable 
one  in  eauipping  motors,  where  he  spoke  of  the  wires  all  coming 
from  underneath.  In  the  factory  he  referred  to,  I  believe  form- 
erly a  good  many  of  them  came  from  overhead,  and  that  was  my 
one  criticism  of  what  was  otherwise  an  admirable  system.  One 
of  the  great  advantages  we  have  in  driving  individual  machines 
with  motors  is  the  getting  an  entirelj^  clear  room,  and  I  never 
could  see  any  possible  objection  to  bringing  the  wires  from  under 
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the  floor.  We  then  get  the  ideal  condition  for  a  shop.  Aside 
from  the  advantage  of  more  unobstructed  light  in  general,  and  the 
chance  for  using  sky-lights  if  we  have  them,  and  the  light  from 
our  windows,  by  getting  rid  of  all  overhead  machinery  and  rig- 

Sing,  we  have  one  very  important  thing  that  has  not  been  enougn 
welt  upon,  and  that  is  headroom  for  our  future  electric  cranes. 
I  do  not  mean  the  crane  we  now  build.  The  crane  industry  has 
gone  only  a  little  way,  although  there  has  been  a  good  deal  of  it ; 
but  I  do  not  think  any  of  us  rightly  conceive  of  the  great  con- 
venience and  rapidity  of  work  that  is  coming  from  the  handling 
of  our  small  loads  by  this  means,  with  the  light  overhead  crane 
that  is  yet  to  come,  driven  by  electricity,  running  everywhere, 
raising  anywhere  from  50  pounds  to  a  ton.  When  we  get  this 
ideal  system  of  driving — one  that  is  becoming  real,  too,  especially 
in  the  shop  mentioned  bv  Dr.  Wheeler  and  Mr.  Dunn,  and  some 
other  shops,  with  everytliing  connected  from  the  floor  and  noth- 
ing overhead,  we  shall  have  our  present  type  of  ordinary  travel- 
ing cranes  over  our  heavier  conventional  tools,  over  our  lathes, 
planers  and  drills.  Now  we  limit  them  to  erecting-floor  use,  and 
do  not  think  of  putting  them  over  our  common  lames  and  plan- 
ers. Each  of  these  now  require  the  work  to  be  lifted  in  by  nand 
or  by  some  special  crane  of  its  own,  generally  a  hand  crane.  We 
can  also  have  little  electric  cranes  in  special  cases  running  from 
certain  tools  over  to  other  tools  and  individual  cranes  upon  as 
many  as  we  please.  Of  course  those  cranes  will  be  cheapened  as 
the  system  develops,  and  there  will  be  an  enormous  saving  in  the 
handling  of  work.  Now,  for  anything  but  very  light  wort  which 
the  men  can  pick  up  and  put  right  in  the  machine,  there  is  a  con- 
siderable waste  of  time  putting  work  in  and  out  of  machines — 
more  than  any  one  would  realize,  and  often  amounting  to  more 
than  that  required  for  the  actual  cutting.  All  this  is  going  to  be 
one  of  the  direct  results  of  the  clear  head-room  brought  about  by 
the  use  of  motors. 

The  system  that  has  been  talked  about  a  good  deal  of  grouping 
three  or  four  or  five  machines  to  little  pieces  of  shafting  on  the 
wall  or  ceiling,  is  a  good  one  in  certain  cases,  and  during  this 
tentative  period  no  doubt  has  its  proper  place ;  but  I  do  not  think 
it  has  come  to  last,  because  we  get  the  disadvantages  to  some  ex- 
tent of  the  old  shafting  system.  As  motors  become  better  and 
cheaper,  as  they  will,  we  can  afford  to  have  one  for  every  tool 
and  get  the  full  advantage  of  individual  driving.  The  problem 
talkra  much  about  until  quite  recently  has  Seen  whether  we 
should  put  in  motors  at  all,  because  we  did  not  know  whether 
tliey  were  going  to  take  more  power  or  not.  As  remarked  in  the 
paper,  that  is  a  point  of  very  little  importance,  compared  with  the 
total  expenses  of  the  shop.  It  doesn't  matter  if  it  is  five  or  ten 
or  twenty  per  cent.,  considering  the  great  advantages  we  are  go- 
ing to  get  m  all  these  other  ways. 
One  feature .  that  has  been   touched  on   might  perhaps  be 
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brought  out  a  little  more  in  detail,  the  balancing  up  of  all  power 
80  that  only  the  average  need  be  represented.  Taking  the  ex- 
treme case  of  a  press,  which  is  more  intermittent  in  its  action 
than  almost  any  other  machine  perhaps.  It  stands  quietly  wait- 
ing for  the  work  to  be  put  in  and  adjusted,  then  is  clutched  in 
gear  and  the  ram  allowed  to  come  down  idly  till  it  strikes  the 
work,  which  is  a  comparatively  hmg  time;  then  the  punch  goes 
through  the  work  in  a  very  short  time,  then  a  rather  long  time  id 
occupied  for  the  punch  to  come  up  through  the  work,  and  for  the 
ram  rising  the  rest  of  the  way  and  the  machine  coming  to  rest, 
removing  the  work  and  all  that.  Here  we  have  a  maximum  of 
power  exerted  during  an  extremely  small  percentage  of  the 
time.  The  chances  are  that  with  a  number  of  presses  standing 
in  a  shop,  the  rams  would  never  all  happen  to  be  doing  their 
hardest  work  at  the  same  instant.  We  therefore  have  our  power 
averaged  up  pretty  evenly  most  of  the  time.  Not  so,  however,  with 
shafting  svstems  which  must  be  prepared  for  maximum  stresses. 

The  point  mentioned  by  Dr.  Wheeler,  of  arranging  shops  for 
growing  afterward,  is  an  important  one.  Even  where,  with  good 
foresight,  the  shafting  of  a  shop  has  been  so  planned,  and  the 
building  so  planned  tnat  they  can  l)e  lengthenea  out  indefinitely, 
or  where  it  is  arranged  for  other  future  lines,  alongside  and  par- 
allel to  existing  lines  of  shafting,  a  difficulty  arises  on  account  of 
the  limited  diameter  of  the  shafts  and  pulleys  and  width  of  belts 
which  could  hardly  be  made  high  enough  at  first  for  a  growth  of 
50  per  cent,  next  year  and  another  50  per  cent,  the  next,  and  so 
on.  Now  electrical  machinery  gives  us  a  great  flexibility  for  in- 
crease, which  is  a  most  important  consideration. 

Without  going  through  the  points  of  the  paper  carefully,  but 
glancing  (in  reverse  order)  at  the  summing  up  thereof,  we  find 
that:  The  speed  regulation  Dr.  Crocker  speaks  of  is  an  im- 
portant matter  and  very  easily  managed  with  an  electric  motor. 
There  is  an  enormous  waste  of  time  in  lathes,  cutting  off  ma- 
chines, etc.,  especially  where  the  feeds  are  running  radially, 
starting  on  a  large  diameter  and  feeding  to  the  center.  This  can 
all  be  arranged  by  electricity  so  as  to  get  a  gradual  increase  of 
speed.  The  truth  is  that  with  the  average  lathe,  which  is  the 
most  impoi*tant  tool  we  have  in  our  shops,  the  man  running  it  is 
too  lazy  or  too  ignorant  to  change  his  speed  as  he  might  in  mak- 
ing cuts  radially  across  the  face  of  the  work.  The  ret^ult  is  he 
gets  his  speed  lOur  times  or  more  too  slow  as  he  gets  towards  the 
center.  The  same  is  true  in  turning  different  diameters  on  a  shaft 
where  there  are  a  number  of  diameters.  It  is  usuallv  too  much 
trouble  to  change  his  belt,  especially  with  a  high  ceiling.  Shift- 
ing belts  makes  dirty  and  sometimes  cut  fingers,  which  he  avoids 
if  possible.  The  electric  motor,  with  a  little  switch,  gives  one 
perfect  control  of  all  this. 

Beside  the  actual  high  speed  and  the  speed  regulation  which 
we  get  from  the  motor,  in  many  cases  just  where  .and  when  it  is 
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wanted,  there  is  also  the  moral  eflEect  of  havinc  eveirthinff  going 
lively.  An  electric  shop  is  not  going  to  be  an  old-f afihioned  shop, 
with  everything  crawling  and  creeping  and  waiting  for  something. 
The  spirit  of  electricity  is  in  the  air  and  all  this  undoubtedly  has 
a  mental  effect  on  the  men  and  is  going  to  spur  everything  up  and 
make  things  run  faster. 

The  motor  system's  flexibility,  allowing  the  moving  about  of 
the  tools  at  will,  is  a  very  good  point  of  Dr.  Crocker's.  The 
capability  of  stopping  a  part  of  a  enop  and  running  the  rest  is 
also  an  important  advantage — as,  e.  jr.,  during  strikes,  etc.  Other 
occasions  may  require  running  part  of  the  ehop  at  night,  instead 
of  the  whole  of  it,  as  in  making  overtime.  In  general,  great 
benefits  result  from  having  complete  control  of  all  the  different 
units  of  the  shop,  instead  of  having  to  link  and  fasten  all  together 
like  a  lot  of  convicts  chained  together  by  the  legs.  Neither  men 
nor  machines  can  work  as  well  that  way  as  they  can  with  more 
individual  action.  The  actual  saving  of  power  has  been  touched 
upon  already,  and  I  am  inclined  to  believe  there  will  in  the  end 
be  a  saving,  in  spite  of  the  different  transformations  of  energy 
between  prime-mover  and  tool. 

Eegarding  some  other  points  not  included  in  the  summing  up 
of  the  paper.  One  of  these  was  mentioned  by  my  friend  here 
just  now,  (Capt.  Brophy)  namely,  fire  safety.  Another  one  that  has 
not  been  mentioned,  I  believe,  is  that  when  we  introduce  a  cur- 
rent through  a  shop,  either  from  our  own  local  generator  or  from 
outside,  produced  irom  some  big  and  especially  economical  catar- 
act or  steam  engine,  we  have  something  that  we  want  for  other 
things  beside  power.  We  want  it  now  for  lighting,  and  also  per- 
haps for  weldmff,  soldering,  etc.  We  shall  want  it  in  future  for 
heating,  which  I  believe  is  destined  to  a  great  extent  to  be  by 
electrical  methods,  although  we  know  it  costs  too  much  just  now. 
It  has,  however,  so  many  mcidental  advantages  that  sucn  heating 
is  very  likely  one  of  the  coming  things.  At  any  rate  'tis  good  to 
have  our  power  in  shape  for  a  variety  of  functions  instead  of 
only  for  one  purpose  as  we  get  it  in  our  old  belts  and  shafts. 

The  moral  effect  of  an  electric  shop  I  have  already  referred  to, 
and  this  is  augmented  by  the  greater  amount  of  God's  daylight 
you  can  get  in  connection  with  the  gaining  of  the  clear  head-room 
before  mentioned.  This  daylight  is  better  not  only  by  getting 
all  our  "rigging"  away  from  overhead  which  now  obstructs  the 
greater  part  of  the  liglit,  but  because  we  can  conveniently  white- 
wash our  shops  or  otherwise  make  them  some  light  color  which 
we  cannot  or  do  not  do  now.  The  average  shop  is  so  filled  with 
shafting,  hangers  and  belt*  that  the  overhead  parts  are  sometimes 
whitewashed  once  in  five  years  only,  but  sometimes  not  once  in 
ten,  because  it  is  difficult  to  get  all  around  it.  The  general 
healthf  ulness  and .  cleanliness  of  this  new  era  shop,  avoiding  the 
dust  and  surplus  oil  and  old  grease  that  comes  from  shafting,  etc., 
thus  enabling  the  shop  to  be  kept  looking  more  like  a  ball  room, 
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comparatively  speaking,  is  also  going  to  help  the  men  to  do  more 
work  and  going  to  pile  up  this  moral  effect  I  have  spoken  of. 

We  come  now  to  the  first  item  in  Dr.  Crocker's  summing  up, 
the  cost  of  an  electric  plant.  I  fancy  that  the  things  I  have  been 
saying  will  be  popular  with  electric  men,  because  they  want  to 
see  electricity  ^o  ahead,  as  do  I  also,  from  the  standpoint  of  a 
mechanical  engineer,  but  I  am  afraid  I  shall  be  unpopular  if  I 
say  anything  about  motors  costing  too  much.  I  tried  it  once  or 
twice  at  various  engineering  meetings,  and  there  was  immediately 
a  laugh  or  a  weep,  or  something  of  the  sort, — as  much  as  to  say 
that  we  poor  ignorant  mechanical  men  did  not  know  anything 
about  tfmt:  we  nad  no  idea  of  the  enormous  cost  of  these  pieces 
of  iron  ana  copper  and  string  put  together,  and  we  knew  nothing 
about  the  way  to  put  them  together.  There  was  a  great  mystery 
connected  with  electric  motors  and  generators  that  we  could  not 
fathom,  only  by  an  extremely  arduous  course  of  electrical  en- 
gineering. Whenever  we  would  touch  upon  that  ground,  we 
were  warned  to  keep  quiet.  But  unless  machine-shop  men  and 
cotton-mill  men  are  prej>ared  to  pa^  the  present  price  tor  motors, 
there  is  no  use  in  talking  electric  power,  and  therefore  I  am 
going  to  say  what  I  can  say  now  better  than  I  did  before,  because 
we  are  coming  nearer  to  the  time  of  cheap  electric  motors.  They 
are  cheaper  now  than  they  were.  I  find  no  fault  with  past  and 
current  prices,  because  thev  are  perfectly  legitimate,  and  are 
based  in  some  degree  upon  tne  enormous  amount  of  experiment- 
ation that  has  been  necessary  as  a  part  of  that  dozen  years  of  de- 
velopment which  is  one  of  the  marvelous  things  in  the  history  of 
this  century.  These  splendid  young  men  who  mostly  form  our 
Institute  of  Electeioal  Engineers  are  going  to  continue  that 
development.  The  old  gray-heads  hardly  seem  to  "  be  in  it "  at 
all,  if  1  may  use  such  an  expression.  But  this  great  industry 
that  has  come  up  like  magic  has  cost  enormously  lor  the  experi- 
menting, for  the  litigation,  and  for  the  selling  of  a  new  product. 
All  this  has  naturally  gone  into  the  cost  of  the  motors  and  gene- 
rators, besides  the  actual  cost  of  making.  The  extra  burden  is, 
however,  gradually  disappearing,  as  things  are  getting  down 
nearer  to  a  standard,  and  the  patient  experimentation  has  given 
us  these  splendid  motors  with  90  to  95  per  cent,  efficiency — we 
do  not  need  go  much  further  in  that  line.  Bnt  when  we  come 
to  the  mere  mechanical  construction  of  them,  we  all  know  that 
the  material  does  not  amount  to  a  very  large  factor  of  tlie  selling 
price.     The  labor  is  the  problem. 

The  important  economic  question  upon  which  mechanical  en- 
gineers and  electrical  engineers  shoula  study  together  for  the 
next  few  years  is,  when  we  have  arrived  at  what  we  may  consider 
the  standard  type  of  motor,  how  to  make  it  cheap  in  regard  to 
labor.  This  cheapness  will  come  in  the  course  of  the  evolution 
that  has  shown  itself  in  manufacturing  such  things  as  sewing 
machines,  and  pistols,  and  bicycles,  and  typewriters.     Such  me- 
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thods  are  coining  with  the  electric  motor,  and  we  shall  learn  to 
nee  more  automatic  machinery  as  well  as  to  design  the  motors 
to  suit  it.  This  is  largely  a  problem  for  the  mechanical  people, 
but  they  will  doubtless  nse  to  the  occasion.  This  country  is  too 
brilliant  in  inventing  tools  and  methods  of  work  to  ignore  such  a 
chance.  Of  course,  important  elements  in  mafing  motors 
cheap  are  not  only  special  tools,  but  the  running  through  of  large 
quantities  in  a  "  batch."  This,  I  admit,  is  a  difficult  matter  now. 
Factory  men  cannot  at  present  prices  buy  enough  motors  to  war- 
rant electrical  men  making  them  up  in  large  quantities ;  nor  can 
these  makers  afford  the  equipment  for  cheapening  until  the  de- 
mand inc]*eases  vastly.  Just  as  soon  as  we  can  make  them  in 
large  enough  quantities,  10,000  or  20,000  lots,  all  exactly  alike, 
there  is  no  question  but  that  they  can  be  made  very  much  cheaper 
than  now.  All  this  will  work  itself  out  in  time.  The  new  era 
is  coming,  and  just  as  soon  as  they  do  get  cheap,  we  shall  all  be 
surprised  at  the  immense  number  of  them  that  will  be  used.  I  feel 
perfectly  sure,  as  far  as  I  am  concerned,  that  they  are  going  to 
be  used  as  individual  motors  on  every  separate  machine  in  very 
many  cases.     Not  in  all  cases,  but  in  a  majority,  probably. 
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SOME  FEATURES  OF  ALTERNATING  CURRENT 
SYSTEMS. 

BY  CHA8.  PKOTBUS  8TEINMETZ. 

In  the  following  I  intend  to  review  some  of  the  work  done  in 
the  last  few  years  in  exploring  the  actions  and  reactions  of  alter- 
nating  currents.  I  shall  endeavor  to  avoid  as  far  as  possible  the 
use  of  mathematics,  but  I  must  beg  you  to  believe  that  all  the 
statements  made  are  paralleled  by  exact  mathematical  calculations 
which  have  been  partly  published  already,  or  which  will  be  pub- 
lished in  due  time,  but  which  if  introduced  in  the  present  paper, 
would  extend  beyond  the  scope  intended. 

The  practical  applications  of  the  modern  alternating  current 
system  date  from  the  introduction  of  the  alternating  current 
transformer.  The  possibility  of  transforming  the  voltage,  and 
thus  to  use  high  voltage  in  the  line  and  low  voltage  in  the  con- 
sumer circuit,  gave  the  alternating  current  system  a  superiority 
not  shared  by  the  continuous  current  system,  and  thereby  put 
the  latter  out  of  competition  wherever  great  distance  had  to  be 
traversed.  A  further  advantage  has  been  added  in  the  last  few 
years  only,  by  the  superiority  of  the  alternating  current  motor 
over  the  continuous  current  motor,  due  to  its  greater  reliability, 
better  speed  regulation  and  ability  to  stand  overloads  which 
made  it  preferable  at  least  for  high  grade  work. 

It  was  not  so  in  the  beginning  of  the  period  of  alternating  cur- 
rent distribution.  For  a  long  time  the  system  labored  under  the 
disadvantage  of  not  being  able  to  supply  motive  power,  being 
available  for  lighting  only.  The  inability  to  operate  motors  was 
the  more  serious  as  the  alternating  current  system  by  its  very 
nature  is  specially  suited  for  long-distance  transmission.     In  long- 

Digitized  by  VjOOQlC 


BTEtNMETZ  ON  ALTJSRNA TING  CURRENT 8Y8TRM8.        327 

distance  transmission,  however,  the  object  aimed  at  is  in  general, 
at  least  partly,  mechanical  power.  Thus  the  alternating  current 
motor  became  the  problem  of  those  times.  The  alternating  current 
generator,  when  running  at  synchronism  in  parallel  with  other 
generators,  will  keep  on  revolving  even  if  the  driving  power  is 
removed,  and  will  operate  as  a  "  synchronous  motor"  keeping 
absolutely  in  step  with  the  generator.  Such  synchronous  motors 
are  quite  extensively  used  now,  especially  for  large  units.  They 
have,  however,  the  disadvantage  that  they  are  not  self-starting,  but 
must  be  brought  up  to  synchronism  before  operating  as  reversed 
generators.  Thus,  either  external  starting  devices  had  to  be  used 
or  the  synchronous  motor  made  what  is  called  *'  self-starting;" 
that  is  built  so  as  to  operate  in  starting  and  running  below  syn- 
chronism as  a  synchronous,  or  induction  motor,  or  that  variety 
of  the  latter  which  is  called   the  "  reaction  motor."     Thus,  the 


m. 


Fig.  1. 


reversibility  of  the  alternating  current  generator  did  not  bring 
a  complete  the  solution  of  the  motor  problem. 

The  solution  of  the  alternating  current  motor  problem  had 
to  b^  expected,  either  by  the  adaption  of  the  continuous 
current  motor  to  alternating  current  circuits,  or  by  the  discovery 
of  an  entirely  new  principle.  The  introduction  of  polyphase 
systems  appeared  to  give  the  solution  in  the  polyphase  induction 
motor. 

If  by  a  system  of  e.  m.  f.'s  displaced  in  phase  from  each  other, 
currents  displaced  in  phase  are  sent  through  the  field  circuits  of  a 
motor  with  short-circuited  armature,  rotation  of  the  latter  is 
produced. 

This  motor  necessitates  the  use  of  polyphase  systems,  that  is, 
systems  comprising  several  circuits  differing  from  each  other  in 
phase  of  their  e.  m.  f.'s  and  currents.     Such  polyphase  systems 
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require  the  subdiviBion  of  the  single  phase  load,  as  lights,  into  and 
between  several  circuits,  and  require  an  approximately  equal  di- 
vision to  avoid  on  the  one  hand  overloading  of  an  individual  cir- 
cuit of  a  generator,  while  the  generator  as  a  whole  is  not  yet  fully 
loaded,  and  on  the  other  hand  to  avoid  the  feature  of  "  unbalanc- 
ing "  noticed  in  such  systems.  Since  the  different  circuits  of 
the  polyphase  system  originate  in  the  same  generator,  and  the 
field  excitation  of  an  alternator  has  to  be  varied  with  the  load,  it 
is  obvious  that  two  circuits  issuing  from  the  same  generator  when 
loaded  differently,  will  require  different  field  excitations  and  thus 
at  the  same  field  excitations  will  show  different  voltages,  the  lesser 
loaded  circuit,  a  higher  voltage.  The  drop  of  voltage  in  the 
transmission  and  distribution   lines  being  larger  in  the  higher 


Fig.  2. 

loaded  circuit,  will  decrease  the  voltage  of  this  circuit  still  more, 
and  thus  increase  the  unbalancing  effect.  Hence,  even  if  the 
variation  or  potential  at  the  generator  terminals  due  to  difference 
of  load  of  the  different  phases  should  be  small,  it  will  be  increased 
by  the  lines. 

However,  aside  from  this  difficulty,  tlie  experience  of  the  last 
few  years  seems  to  show  that  the  complication  of  subdividing  the 
circuits  in  the  polyphase  system  is  sufficient  in  most  cases  to  ex- 
clude its  use,  and  thus,  comparatively  little  use  has  been  made  of 
the  polyphase  systems  for  light  and  power  distribution.  It  has 
been  different  with  long-distance  transmission  of  large  units,  and 
power  distribution,  where  polyphase  systems  have  established 
themselves  quite  extensively. 

Hence,  the  polyphase  system  did  not  completely  solve  the 
problem   of  alternating  current  light   and   power   distribution, 
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and  in  returning  to  the  single  phase  system,  attempts  were 
made  to  derive  from  the  single  phase  system  by  "splitting  of 
phase,"  a  polyphase  system  for  the  operation  of  motors. 

The  futility  of  all  attempts  to  derive  a  polyphase  system  from 
a  single  phase  system,  I  have  previously  shown^ 

It  is  possible  in  a  single  phase  system  to  resolve  the  b,  m.  f.'s 
into  components  in  quadrature  with  each  other  or  in  any  other 
phase  relation.  The  insertion  of  a  reactive  coil  into  a  lamp  cir- 
cuit produces  two  e.  m.  f.'s  approximately  in  quadrature  with 
each  other  and  differing  in  phase  with  the  main  e.  m.  f.,  and  by 
their  combination  any  other  phafie  differences  can  easily  be  pro- 
duced. A  condenser  in  series  in  the  circuit,  or  an  electrolytic 
cell  will  give  phase  displacement  of  e.  m.  f.  also.  But  whenever 
K.  M.  F.'s  displaced  in  phase  are  produced  in  this  way,  the  cur- 
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rents  are  in  phase  with  each  other  or  are  insignificant. 

Inversely,  differences  of  phase  of  current  can  be  produced  in 
the  singl^e  phase  circuit.  The  current  is  an  open  magnetic  cir- 
cuit transformer  at  open  secondary  circuit,  and  the  current  in  a 
transformer  under  full  load,  are  practically  in  quadrature.  Or 
still  more,  if  on  the  same  iron  core  two  coils  are  wound  and  con- 
nected in  parallel  as  shown  in  Fig.  1,  the  two  currents  in  these 
coils  can  by  changing  the  relative  number  of  turns  be  made 
to  have  any  phase  difference  from  zero  to  180**,  but  the  e.  m.  f.'s 
are  in  phase.  All  attempts  to  use  such  phase  differences  produced 
in  the  single  phase  circuit  for  the  operation  of  polyphase 
motors  signally  failed.     While  it  is  possible  to  operate  motors  in 

1.  Transactions,  1892,  vol.  ix,  p.  91. 

Digitized  by  VjOOQIC 


880     8TEINMETZ  ON ALTKRNATINO  CURRENT 878TBii8.  [June  ^6, 

this  way,  and  this  is  being  done  to  a  certain  extent,  the  current 
required  is  far  in  excess  of  the  torque  produced  thereby.  Such 
circuits  of  displaced  pha^^e  lose  their  phase  displacement  as  soon 
as  work  is  required  from  them.  The  cause  is  that  phase  displace- 
ment of  current,  and  phase  displacement  of  e.  m.  f.  cannot  be 
produced  simultaneously  in  a  single  phase  circuit.  This  is  a  con- 
sequence of  the  law  of  conservation  of  energy. 

In  a  continuous  current  circuit,  current,  e.  m.  f.,  and  thus  the 
power  as  their  product  are  constant. 

In  a  single  phase  alternating  current  circuit,  the  e.  m.  f.  alter- 
nates, passing  through  zero  twice  per  period.  The  current  produced 
thereby  alternates  also,  passing  through  zero  either  at  the  same 
moment  with  the  e.  m.  f.,  in  a  non-inductive  circuit,  or  at  a  dif- 
ferent moment. 


Fio.  4. 

Thus  the  power  of  the  alternating  circuit  is  fluctuating  and 
varies  twice  per  period,  that  is  with  the  double  frequency  of  the 
e.  m.  f.  or  the  current,  between  a  maximum  value  and  zero  in  the 
non-inductive  circuit,  between  a  maximum  value  and  a  negative 
maximum  value  in  a  circuit  with  phase  displacement  between  cur- 
rent and  E.  M.  f.,  in  the  latter  case,  passing  twice  through  zero  per 
half  wave,  as  shown  in  the  diagram  Figs.  2  and  3,  where  the  e. 
M.  F.  is  represented  by  the  drawn  line  ^,  the  current  by  the  drawn 
line  c,  and  the  power  by  the  dotted  line  w. 

In  the  polyphase  system,  as  a  quarter  phase  with  twoE.  m.  f.'s 
in  quadrature  producing  two  currents  in  quadrature,  as  in  Figs. 
4  and  5,  or  in  a  three  phase  system  with  three  e.  m.  f.'s  produc- 
ing three  currents,  as  in  Figs.  6  and  7,  the  energy  wave  of  each 
phase  is  fluctuating  as  in  the  single  phase  system.     The  sum  of 
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all  the  energy  waves,  however,  or  the  total  flow  of  energy  is  con- 
stant. « 

From  the  law  of  conservation  of  energy,  it  follows  thus,  that 
a  change  from  a  single  phase  to  a  polyphase  circuit  or  in- 
versely, is  possible  only  by  means  of  apparatus  able  to  store  en- 
ergy, and  that  the  total  amount  of  energy  between  the  mean  and 
maximum  value  in  the  single  phase  circuit  must  be  stored  and  re- 
turned during  the  time  the  single  phase  wave  is  below  the  mean. 

Means  to  store  the  energy  are,  electro-magnetism,  electro- 
static charge,  electro-chemical  force  and  mechanical  motion. 
Electro-magnetic  and  electro-static  storage  are  in  most  cases  ex- 
cluded by  low  energy  efficiency  and  especially  low  weight  effi- 
ciency and  inconvenience.  Electro-chemical  storage  shows  a  very 
low  efficiency,  and  the  only  efficient  way  of  storing  energy  ap- 
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pears  to  be  mechanical  momentum.  This  offers  a  high  weight 
efficiency  also,  but  is  for  most  cases  excluded  by  the  complication 
due  to  revolving  machinery. 

Excluding  storage  of  energy,  we  see  that  the  nature  of  thsjlmo 
of  energy  constitutes  an  essential  feature  of  an  alternating  cur- 
rent system. 

The  phase  relation  does  not  represent  an  essential  feature, 
since,  as  seen,  starting  from  a  single  phase  generator  we  can 
get  currents  of  different  phase  relation  and  e.  m.  f.'s  of  dif- 
ferent phases,  but  if  the  currents  are  displaced  in  phase,  the 
E.  M.  F.'s  are  in  phase  and  inversely,  so  as  to  preserve  the 
nature  of  the  energy  flow.  Again,  starting  with  a  quarter 
phase  generator  we  can  transform  by  stationary  transform- 
ers  without   storage  of    energy,   that  is   at   full   efficiency,   to 
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three  phase  and  back  again  to  quarter  phase  or  five  phase  or  any 
other  symmetrical  or  uneymmetrical  phase  relation.  In  all  these 
transformations,  however,  the  nature  of  the  energy  flow  remains 
constant.  Hence  the  best  classification  of  the  alternating  current 
system  is  by  this  feature,  the  classification  by  the  number  of 
phases  having  become  meaningless  with  the  possibility  of  trans- 
formation from  one  polyphase  system  to  any  other.  Thus  we  shall 
call  an  alternating  current  system  of  constant  flow  of  energy,  a 
balanced  system;  an  alternating  current  system  in  which  the 
flow  of  energy  pulsates  between  a  maximum  and  a  minimum,  a 
system  of  balance  factor  x,  where  x  is  the  ratio  of  the  minimum 
value  to  the  mean  value  or  energy  flow.      Hence  the  balanced 


Fig.  6. 

polyphase  system  has  the  balance  factor,  one ;  the  single  phase 
system  the  balance  factor,  zero. 

I  may  add  here  that  the  names  "  polyphase  "  and  "  single  phase  " 
are  really  wrong,  and  the  latter  name  meaningless,  since  "  phase  " 
becomes  a  meaning  only  as  "  difference  of  phase." 

The  systems  are  characterized  correctly,  not  by  the  existence  of 
one  or  several  phases,  but  by  the  existence  of  one  or  several 
waves  of  energy,  or  cycles,  and  for  this  reason  I  rather  prefer  the 
denotation  "  polycyclic  "  for  a  system  of  many  waves  of  energy, 
"  monocyclic"  for  a  system  with  one  wave  of  energy.     Hence  : 

The  monocyclie  system  is  an  alternating  current  system  of  hair 
a7ice  factor  zero. 

The  balanced  poVyeydie  system  has  the  hala/ace  factor  one. 
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The  three  phase  or  quarter  phase  system  with  equal  load  on  all 
branches  has  the  balance  factor  one. 

A  three  phase  system  with  two  branches  loaded  and  one  un- 
loaded has  the  balance  factor  .5. 

A  three  phase  system  with  one  branch  loaded  and  two  unloaded 
has  the  balance  factor  zero. 

A  quarter  phase  system  with  one  branch  loaded  and  the  other 
nnloaded  has  the  balance  factor  zero. 

Still  from  another  point  of  view,  we  are  driven  to  recognize 
the  importance  of  the  flow  of  energy  as  characteristic  in  alter- 
nating current  circuits. 

In  a  continuous  current  circuit,  the  direction  of  transmission, 
or  direction  from  the  generator  to  the  consmner  circuit,  is  in  the 
direction  of  decreasing  voltage. 


Fig.  7. 

In  an  alternating  current  circuit,  the  voltage  at  the  consumer 
terminals  of  the  line  may  be  higher  than  at  the  generator  termi- 
nals of  the  line,  and  the  power  be  transmitted  from  lower  to 
higher  voltage.  This  is  the  case  in  a  line  of  noticeable  induct- 
ance feeding  into  a  circuit  with  leading  current.  Inversely  the 
current  received  from  the  line  at  the  consumer  terminals  may  be 
larger  than  the  current  issuing  from  the  generator  into  the  line. 
This  is  the  case  with  a  line  of  noticeable  capacity  feeding  into  a 
circuit  with  lagging  current.  These  features  are  made  use  of  now 
in  long-distance  transmissions  for  controlling  the  potential 
and  the  current  flow  in  line  and  receiver  circuit. 

Hence,  the  direction  of  transmission  in  an  alternating  current 
circuit  is  not  necessarily  the  direction  of  decreasing  voltage  or  de- 
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creasing  current,  but  it  is  the  direction  of  decreasing  energy  flow. 
That  Is,  attaching  a  wattmeter  to  two  points  of  the  line,  the 
wattmeter  nearer  the  generator  will  always  give  a  higher  reading 
than  that  farther  away  from  the  generator. 

An  apparent  disadvantage  of  this  definition  by  the  nature  of 
the  energy  flow,  is  that  with  a  change  of  the  distribution  of  load, 
the  nature  of  the  system,  or  at  least  its  balance  factor  varies.  But 
in  this  case  the  characteristic  feature  of  the  system  in  reality 
changes.  It  is  obvious,  for  instance,  that  if  one  branch  of  a  three 
phase  generator  only  is  loaded,  the  circuit,  as  well  as  the  gener- 

Fio.  8. 


Fio.  9. 

ator  acts  in  every  way  as  single  phase  and  is  indeed  single  phase, 
and  the  remaining  generator  circuit  merely  dead  wire. 

The  total  flow  of  power  in  an  alternating  current  system  can 
be  represented  also  by  a  polar  diagram,  with  the  instantaneous 
values  of  power  as  radii  vectors,  and  the  angle  corresponding  to 
time  as  amplitude,  one  complete  period  being  represented  by  a 
complete  revolution  or  360°.  This  gives  a  power  diagram  of  the 
alternating  current  system  corresponding  to  the  compound  indi- 
cator diagram  of  the  steam  engine. 

In  a  single  phase  system  of  e.  m.  f., 
^  =  JS"  sin  f, 
and  current: 
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{?  =  C  Aniip  —  <£>) ; 
the  power  is : 

w  =  e  c  =  E  C  map  sin  (^  —  w) 
=  ^l2  E  C  jeos  <h  — cos  (2  tp  —  a>)j, 
and  the  average  power : 

ir=  '/^ECco&io. 

In  polar  coordinates,  the  power  diagram  of  the  two  circuits 
shown  in  Figs.  2  and  3  is  represented  by  Figs.  8  and  9 ;  Fig.  8 
representing  a  non-inductive  circuit,  Fig.  9  a  circuit  with  60°  lag. 

In  a  system  comprising  several  e.  m.  f.'s  and  currents,  in  every 


Fig.  10. 
part  of  the  circuit  the  power  can  be  represented  in  the  form: 

Wi  =  V2  J^i  Gi  jCOS  CWj  cos  {2  (f  —  Wi)\y 

and,  adding  the  power  values  of  all  the  circuits,  we  get  for  the 
total  power  of  the  system  an  expression  of  the  form  : 

w  =z   y  Wi  =  A  +  Bco&(2<p  —  d), 
with  the  average  value  of  power : 

W=A, 
the  maximum  value  of  power  : 

W,  =  A  +  B, 
the  minimum  value  of  power : 

W^^  A  —  B. 
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The  maximum  and  the  minimum  values  of  power  take  place 
at  right  angles  with  each  other,  or  in  quadrature,  and  we  can 
thus  speak  of  the  two  axes  of  the  power  diagram,  the  large  axis 
Wx ,  and  the  small  axis  W^, 

The  balance  factor  is : 

The  balanced  poljcyclic  system  gives : 

^  =  0, 
or  a  constant  flow  of  power,  which  would  be  represented  by  a 
circle.     The  nature  of  the  curves  representing  the  power  charac- 
teristic is  found  by  reduction  to  rectangular  coordinates. 
In  the  equation : 

w  =  A  +  B  Qjo^{2(p  —  d), 
substitute : 


w  =  V  g^  -j-  y^ 
tan(^-|)  =  | 
it  is: 

VlfTf  =  A  +  2Jip^. 
or: 

a  sextic  equation,  with  the  center  as  quadruple  point. 
Substituting : 

J.  =  TT  =  average  power, 

— I^      =  «  =  balance  factor, 
A 

gives : 

{x"  ^ff=   Tfa  1^  (3  _  2  x)  +  /  (2  X  —  \)\\ 

In  a  single-phase  circuit,  it  is : 

{a?  =z  y^y  =  W^iSx"  —  ff. 
In  a  balanced  polycyclic  circuit : 

x=  1, 
ar^  +  y2  =  W\ 
In  a  polycyclic  system  of  balance  factor : 

x  =  .5, 
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As  an  instance  of  a  polycylic  system  of  a  balance  factor  less 
than  unity,  the  "  Inverted  Three-phase  System "  ("  polyphase 
monocyclic  ")  may  be  discussed. 

If  in  a  three-phase  system,  two  transformers  are  connected  with 
their  primaries  into  two  branches  of  the  system,  and  one  of  the 
secondaries  is  reversed  with  regard  to  the  other,  the  two  secondary 
E.  M.  F.'s  ac  =i  e^  and  t?5  =  ^  differ  in  phase  by  60®,  while  the 
corresponding  primary  e.  m.  f.'s  AC bhA  CB  differ  by  120*^. 

The  secondary  system  produced  hereby  has  features  in  common 
with  the  three-phase  as  well  as  with  the  Edison  three-wire  system, 
and  forms  a  connecting  link  between  both  systems.  It  has  the 
balance  factor :  x  =  .5.  The  e.  m.  f.  between  the  outside  wires 
a  5  is  V  3  times  the  e.  m.  f.  per  circuit,  ac  and  ch.  With  both 
branches  ac  and  ch  equally  loaded,  the  currents  in  all  three  lines 
a,  h,  c  are  equal,  and  their  sum  is  zero,  exactly  as  in  a  three-phase 
system. 

If  the  load  of  one  branch,  say  cJ,  is  reduced  from  equality  with 
the  load  on  ac^  down  to  zero,  the  current  in  h  decreases  constantly, 
while  the  current  in  the  common  line  c  first  decreases,  reaches  a 
minimum,  and  then  increases  again,  reaching  at  no-load  on  ch  the 
same  value  as  at  full  load  on  ch.  That  is,  if  the  load  on  one 
branch  is  thrown  off,  the  current  in  the  common  wire  remains 
the  same  in  intensity,  but  shifts  in  phase  by  60°. 

Jn  Fig.  10,  the  three  b.  m.  f.'s  ac*,  ch  and  db  are  shown  as 
^1,  ^,  ^,  the  three  currents  in  a,  J,  c  as  Cj,  Cj,  c,  in  drawn  lines, 
while  the  watt-curves  of  the  two  branches  ac  and  ch  are  shown  as 
Wi  and  ^^^3,  and  the  total  watts  of  the  system  as  w^  in  dotted  lines 
for  a  non-inductive  circuit. 

Fig.  12  gives  the  power  diagram  of  the  system  in  polar  co- 
ordinates. 

With  an  inductive  circuit  of  an  angle  of  lag  of  60*^,  the  balance 
factor  of  the  system  becomes  x  =  0,  and  the  flow  of  power 
single-phase,  as  shown  in  Fig.  11  and  13. 

In  an  alternating  current  system  there  is  a  certain  tendency  to 
maintain  its  balance  factor. 

Let  us  consider  tlie  field  characteristic  of  an  alternating  cur- 
rent generator,  that  is,  the  interdependence  of  volts  at  the  arma- 
ture terminals  and  amperes  at  constant  field  excitation.  Such  a 
curve,  the  field  characteristics  of  a  300  k.  w.  three-phaser  used  for 
long-distance  transmission  by  step-up  and  step-down  transformers, 
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is  shown  in  Fig.  14  with  the  ampere  output  as  abscissae,  and 
volts  at  armature  terminals  as  ordinates,  and  the  k.  w.  output 
as  ordinates.  The  ampere-volt  curve  is  similar  to  a  quadrant 
of  an  ellipse,  that  is  at  and  near  open  circuit,  the  voltage 
is  approximately  constant  for  variation  of  current,  and  the 
machine  regulates  for  constant  potential.  At  and  near  short-cir- 
cuit the  current  is  approximately  constant  for  varying  voltage,  and 
the  machine  regulates  for  constant  current.  The  output  of  the 
machine,  as  shown  in  dotted  line  in  Fig.  14,  increases  from  zero 
at  open  circuit,   reaches  a  maximum  of  345  kw,  at  575  volts 


Fig.  11. 

and  345  amperes,  and  decreases  again  to  zero  at  short-circuit. 
Near  the  maximum  output  there  is  a  wide  range,  where  the  ma- 
chine regulates  approximately  for  constant  power.  That  is,  an 
increase  of  current  reduces  the  voltage,  and  a  decrease  of  current 
increases  the  voltage,  so  as  to  maintain  approximately  constant 
power. 

The  proper  working  point  of  an  alternator  lies  somewhat  be- 
low, but  quite  near  the  maximum  output  point.  Operating  in 
this  range  near  the  maximum  output  point,  but  still  far  enough 
below  to  ensure  sufficient  synchronizing  power  for  parallel  run- 
ning, the  generator  gives  the  best  weight  efficiency  and  energy 
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efficiency,  and  is  most  reliable  in  its  operation  innso-f ar  as  it  is 
very  easy  to  synchronize  without  too  careful  and  delicate  adjust- 
ment, the  cross-currents  in  parallel  operation  are  insignificant  and 
the  machine  will  keep  in  step,  even  under  very  exacting  condi- 
tions,  as  for  instance,  if  the  field  circuit  of  one  is  broken,  and  will 
not  be  damaged  or  damage  the  prime  mover  by  an  accidental 
short-circuit  of  the  system,  or  a  falling  out  of  step  or  any  other 
such  accident. 

In  a  polycyclic  machine  in  this  range  near  the  maximum  out- 
put point,  self-regulation  for  constant  power  takes  place,  not  only 
for  variation  of  the  total  load,  but  also  for  variations  of  the  load 
l)etween  the  different  circuits.  Thus,  in  a  three  phaser  like  the 
present  one  in  F'ig.  14,  if  the  load  of  one  circuit  is  decreased,  the 
voltage  in  this  circuit  will  increase,  and  the  voltage  in  the  two 
other  circuits  change  so  in  size  and  phase  as  to  restore  the  system, 
to  a  certain  extent,  to  constancy  of  flow  of  energy,  or  in  other 
words: 

The  rmUtiple-oirouit  generator  regulates,  or  tends  to  regulate, 
near  the  maxi7num  oxitput  point  for  constancy  of  the  balance 
factor.  Thus,  the  polycyclic  mxLchine  with  balanced  circuit 
regulates  for  constancy  of  the  flow  of  energy  ^  the  monocyclic 
machine  regulates  for  a  balance  factor  zero. 

This  self-regulation  takes  place  by  a  change  of  voltage  and  a 
shifting  of  phase  of  the  different  generator  circuits.  It  is  there- 
fore in  general  objectionable. 

A  similar  action  takes  place  in  multiple  circuit  motors,  induction 
motors  as  well  as  synchronous  motors,  etc. 

In  the  multiple  circuit  alternating  current  motor,  as  for 
instance,  a  three-phase  induction  motor,  the  counter  e.  m.  f.'s 
in  the  different  circuits  are  equal  (or  rather  proportional  to  the 
respective  number  of  turns  of  the  different  circuits). 

If  the  impressed  e.  m.  f.'s  are  equal,  the  currents  flowing  in- 
to the  motor  circuits  are  equal  also,  since  they  are  produced  by 
the  differences  between  impressed  and  counter  e.  m.  f.'s.  If, 
however,  the  impressed  e.  m.  f.'s  become  unequal,  even  to  a  small 
extent  only,  the  differences  between  the  impressed  and  counter 
K.  M.  F.'s  become  rapidly  very  different,  and  the  currents  thus 
unequal.  For  instance,  if  in  the  three-phase  induction  motor  one 
of  the  E.  M.  F.'s  falls  by  10  per  cent,  below  the  other  two,  it  will 
be  equal  with,  or  even  less  than  the  counter  e.  m.  f.,  and  the 
circuit  of  this  k.  m.  f.  will  take  no  current,  or  will  even  retuni 
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current  into  the   system,  and   the  currents  of   the  two  other 
branches  will  increase  correspondingly. 

In  this  regard  the  multiple  circuit  motors  are  very  sensitive, 
and  a  small  variation  in  the  size  or  the  phase  of  the  impressed 
£.  M.  F.  causes  a  large  variation  in  the  currents,  shifting  the  cur- 
rent from  the  branch  of  the  low  impressed  b.  m.  f.  to  that  of  high 

Fig.  12. 


Fig.  18. 

E.  M.  F.  It  is  thus  obvious  that,  with  a  considerable  number  of 
multiple  circuit  motors  in  the  polycyclic  system,  even  a  large 
inequality  in  the  distribution  of  the  single  phase  consumer  cir- 
cuits, as  lights,  between  the  generator  branches,  will  not  unbalance 
the  system.    The  generator  will  regulate  for  constant  flow  of 
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energy  and  tend  to  raise  the  voltage  on  the  lesser  loaded,  to  lower 
it  on  the  more  loaded  branch.  The  motors,  however,  in  this  case 
take  more  current  from  the  branch  of  higher  voltage,  the  lesser 
loaded  branch,  and  less  current  from  the  higher  loaded  branch, 
or  even  return  currents  therein  and  so  restore  the  balance  of 
the  system  with  regard  to  constancy  of  flow  of  energy  and  con- 
stancy of  voltage  and  of  phase  relation.  This  feature  of  automatic 
self-regulation  for  constancy  of  flow  of  energy  by  the  generator, 
and  constancy  of  voltage  and  phase  relation  by  the  motors,  is 
with  proper  design  of  the  system  very  marked,  and  holds  the 
system  balanced  very  closely,  even  within  wide  ranges  of  load. 

As  before  stated,  this  self-regulation  in  reality  tends  towards 
constancy  of  the  balance  factor  of  the  system.  Thus  in  a  mono- 
cyclic system,  or  a  system  with  balance  factor  zero,  as  given  by  a 
standard  monocyclic  machine  with  main  or  energy  coil,  and 
teaser  or  supplementary  coil,  as  soon  as  current  is  taken  off  from 
the  teaser  circuit  the  voltage  therein  drops,  and  thus  reduces  the 
current,  and  at  the  same  time  displaces  it  in  phase  so  as  to  main- 
tain the  flow  of  energy  pulsating,  or  with  balance  factor  approxi- 
mately zero. 

It  will  be  seen  that  all  these  features  are  internal  reactions  of 
the  alternators  and  multiple  circuit  motors  and  the  system  in 
general,  which,  while  probably  noticed  before,  have  not  been 
understood  and  therefore  considered  as  objectionable  features, 
as  for  instance  the  '^  unbalancing "  of  the  generator  or  the 
"  unequal  distribution  of  current "  in  induction  motors.  Recog- 
nized in  their  significance,  these  phenomena  allow  a  very 
effective  and  perfect  control  of  the  alternating  current  system. 

After  this  diversion  we  may  return  to  the  motor  problem.  As 
seen,  the  polyphase  system,  characterized  by  a  constant  flow  of 
energy,  promised  a  solution  of  the  motor  problem  for  polyphase 
circuits.  But  it  was  not  possible  to  produce  polyphase  circuits 
from  single  phase  alternators  without  storage  of  energy. 

Thus  it  remains  to  be  seen  whether  those  features  which  made 
the  induction  motor  work  on  polyphase  circuits  are  essential 
features  of  the  polyphase  system  or  not. 

The  problem  of  the  alternating  current  motor  may  be  ap- 
proached from  still  another  side,  from  the  viewpoint  of 
adapting  the  continuous  current  motor  to  alternating  current  cir 
cuits.  In  similar  lines  to  this,  work  has  been  done  by  Yande 
poele,  Eickemeyer,  Stanley,  myself,  and  others  in  this  country, 
by  Kennedy  and  others  abroad. 
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The  continuous  current  motor,  as  shown  diagrammatically  in 
Fig.  16,  consists  of  two  different  elements  movable  with  regard  to 
each  other,  the  field  and  armature.  Rotation  of  the  motor  is 
due  to  the  action  of  the  magnetic  field  upon  the  currents  flow- 
ing in  the  armature.  Thus,  the  electric  circuit  of  a  continuous 
current  motor  consists  of  the  field  exciting  circuit  producing  the 
magnetic  flux  which  passes  through  and  acts  upon  the  armature, 
and  the  armature  or  power  circuit  whose  current  is  sent  through 
the  armature  by  the  brushes  in  such  direction  as  to  produce  a 
current  polarization  at  right  angles  (in  a  bipolar  motor)  to  the 
magnetic  field  flux.     The  possibility  of  operating  such  a  motor 
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Fig.  14. 

successfully  is  based  on  the  feature  that  the  armature  coils  when 
reaching  the  brushes  are  in  a  position  where  no  e.  m.  f.  is  induced 
in  them,  and  they  can  thus  be  short-circuited  by  the  brushes,  in 
their  passage  from  the  one  to  the  other  side,  without  sparking. 

A  simultaneous  reversal  of  field  magnetism  and  armature  cur- 
rent does  not  change  tlie  direction  of  rotation  of  tlie  motor.  Thus, 
if  an  alternating  current  is  sent  through  such  a  motor,  proper 
care  being  taken  to  have  the  reversal  in  field  and  in  armature  take 
place  simultaneously,  the  motor  should  be  expected  to  operate 
also.  Obviously  thorough  lamination  of  all  die  iron  parts  would 
be  necessary  to  avoid  eddy  currents.     Sucli  motors,  straight  alter- 
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nating  current  series  motors  with  laminated  field,  have  been  tried 
bat  have  been  a  complete  failure  in  all  but  the  smallest  sizes,  as 
fan  motors,  due  to  their  excessive  and  incurable  sparking.  As 
seen  in  Fig.  15,  in  the  moment  of  commutation,  the  armature  coil 
encloses  the  whole  field  flux,  and  thus  in  this  moment  does  not 
cut  lines  of  magne};ic  force  by  its  rotation,  that  is,  no  e.  m.  f.  is 
induced  therein  and  commutation  possible^  If,  however,  the  mag- 
netic flux  is  alternating,  the  armature  coil  under  the  brush  which 
encloses  the  total  alternating  flux,  is  a  short-circuited  secondary 
to  the  field  coil  as  primary,  and  thus,  independent  of  its  rotation 
by  transformer  action,  an  e.  m.  f.  will  be  induced  therein  which 
tends  to  produce  a  current  of  the  same  m.  m.  f.  as  the  field  excit- 
ing coil.  A  numerical  instance  will  show  how  excessive  this  cur- 
rent is.  Assuming  the  total  field  exciting  ampere-turns  only  as 
large  as  the  armature  ampere-turns,  and  only  10  commutator  seg- 
ments between  brushes,  then  in  the  short-circuited  coil,  we  will 
get  nearly  ten  times  as  large  a  current  as  the  main  current,  and 
thus  in  this  one  coil  ten  times  the  current-heating  as  in  the  whole 
other  part  of  the  armature.  If  the  armature  does  not  start  in- 
stantly, this  current  will  burn  out  the  coil,  but  even  if  the  arma- 
ture starts,  vicious  and  destructive  sparking  forbids  the  use  of 
such  a  motor. 

In  the  continuous  current  motor  the  use  of  brushes  and  thus  of 
a  commutator,  constitutes  the  only  way  to  produce  the  current  in 
the  armature.  In  the  alternating  current  motor  the  required  cur- 
rent in  the  armature  can  be  produced  by  induction,  by  acting  upon 
the  armature  as  secondary  in  the  proper  direction  by  a  primary 
coil,  which  may  either  directly  surround  the  armature,  as  shown  in 
Fig.  16,  or  surround  additional  pole-pieces  as  shown  in  Fig.  17. 
The  apparatus  in  this  case  combines  the  features  of  the  alternat- 
ing current  transformer  with  those  of  the  direct  current  motor. 
It  consists  of  an  exciting  circuit,  producing  the  magnetic  flux, 
and  an  energy  circuit,  stationary  with  regard  to  the  exciting  cir- 
cuit. The  energy  circuit  induces  as  primary  in  the  armature  as 
secondary,  the  current  acted  upon  by  the  field  magnetism.  The 
armature  current  is  in  phase  with,  but  in  opposition  to  the  prim- 
ary current.  The  primary  current  will  supply  the  power  of  the 
motor  and  is  thus  practically  in  phase  with  the  primary  main  e. 
M.  F.  The  field  magnetism  will  be  in  phase  with  the  armature 
current,  that  is  in  phase  with  the  primary  current. 

1.  In  reality  the  brush  position  is  shifted  intentionally  so  as  get  some  k.  m.  v, 
iu  the  armature  coil,  which  it  required  for  forced  commutation. 
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To  get  the  field  excitation  in  phase  with  the  main  current,  the 
exciting  current  must  be  in  phase  with  the  main  e.  m.  f.  Since, 
however,  in  an  alternating  magnetic  circuit,  the  magnetizing  cur- 
rent lags  approximately  90**  behind  the  impressed  k.  m.  f.,  it  fol- 
lows that  the  e.  m.  f.  impressed  upon  the  field  circuit  must  be  90** 
ahead  of  the  main  e.  m.  f.  Or  in  other  words  to  produce  in  such 
a  transformer  motor  a  magnetic  field  in  phase  with  the  induced 
armature  current,  but  displaced  at  right  angles  in  space,  a  sup- 
plementary E.  M.  F.  is  required,  approximately  90®  displaced  from 
the  main  or  power  e.  m.  f.  Being  in  quadrature  with  its  current, 
this  E.  M.  F.  represents  no  power,  and  thus  need  not  be  supplied 
by  the  generator,  but  may  originate  from  a  motor  or  other  multi- 
ple circuit  apparatus. 

We  see  thus  that  the  alternating  current  motor  requires  a  snp- 


Fig.  15. 


Fig.  16. 


plementary  circuit  for  its  operation,  the  so-called  "  teaser  circuit" 
of  the  monocyclic  system.  One  difficulty,  however,  is  met  here. 
Since  the  movable  armature  acts  'as  secondary  to  the  stationary 
primary  main  circuit,  the  armature  must  contain  a  number  of 
circuits  closed  upon  themselves,  but  displaced  in  position  from 
each  other,  so  as  to  form  in  any  position  a  secondary  circuit  to  the 
primary. 

In  this  case  the  annature  circuit  will  form  closed'secondary  cir- 
cuits also  to  the  field  exciting  circuits,  and  energy  be  supplied  by  the 
supplementary  circuit,  making  this  a  power  circuit.  This  would  re- 
quire the  teaser  circuit  to  have  capacity  enough  to  supply  energy, 
and  in  short  make  a  polyphase  system.  Thus,  means  have  to  be  pro- 
vided to  avoid  this  feature.  Since  all  the  armature  circuits  pass 
through  the  same  magnetic  field,  the  e.  m.  f.  induced  therein  per 
turn  will  be  the  same,  and  ecjual  to  that  in  the  power  circuit,  less 


Digiti 


ized  by  Google 


1895.]  STEINMKTZ  ON  ALTEBNATtNG  CURttENT SYSTEMS,        345 

the  drop  of  voltage  by  resistance  and  reactance.  If  now  the  volt- 
age of  the  exciting  circuit  per  turn,  is  greater  than  that  of  the 
armature,  transfer  of  energy  will  take  place  from  the  exciting 
circuit  to  the  armature.  If  the  e.  m.  f.  is  the  same,  no  transfer 
will  take  place,  and  the  exciting  current  will  fulfil  its  purpose  of 
mere  magnetization.  If  the  e.  m.  f.  is  less,  energy  will  be  trans- 
ferred backward  from  the  armature  to  the  exciting  circuit.  Thus 
we  see  that  to  avoid  energy  transfer  between  armature  and  ex- 
citing circuit,  the  e.  m.  f.  of  the  latter  per  turn,  must  be  equal  to 
that  induced  in  the  armature.  At  constant  impressed  e.  m.  f.  on 
the  primary  power  circuit,  the  b.  m.  f.  induced  in  the  armature 
decreases  with  increasing  load;  that  is,  increasing  current.  Thus 
at  constant  e.  m.  f.  impressed  upon  the  exciting  circuit,  at  light 
load,  the  armature  e.  m.  f.  will  be  higher  than  the  exciting  e.  m. 
f.  and  energy  be  transferred  backward  from  armature  to  exciting 
circuit.  At  some  intermediate  load,  armature  and  exciting  cir- 
cuit will  be  equal,  and  at  higher  load  the  armature  e.  m.  f.  will 
be  lower  than  that  of  the  exciting  circuit,  and  energy  be  trans- 
ferred from  the  exciting  circuit  to  the  armature.  In  this  case,  all 
exciting  circuits  being  connected  together,  this  supplementary 
circuit  acts  as  an  equalizing  circuit  in  transferring  energy  from 
motors  operating  under  light  load,  to  motors  operating  under  over- 
load. While  this  action  may  be  advantageous  to  a  certain  extent, 
it  is  obvious  that  the  current  flowing  over  the  equalizing  circuit 
should  be  as  small  as  possible,  because  if  a  large  energy  current  is 
allowed  to  pass  over  the  teaser  circuit,  this  circuit  becomes  an  en- 
ergy circuit  also,  and  must  thus  have  sufficient  current  capacity 
to  carry  the  power.  That  means  the  generator  becomes  more  or 
less  a  polyphase  generator,  and  a  distribution  of  circuits  between  the 
phases  becomes  necessary,  the  very  feature  it  is  intended  to  avoid. 
For  this  purpose  the  e.  m.  f.  at  the  exciting  circuit  is  not  kept 
constant  but  reduced  at  increasing,  increased  at  decreasing  load 
so  as  to  be  always  very  nearly  equal  to  the  armature  e.  m.  f.,  and 
this  is  done  by  giving  the  teaser  or  supplementary  circuit  a  suffi- 
cently  large  resistance  and  reactance,  so  that  an  increase  of  cur- 
rent drops,  and  decrease  raises  the  e.  m.  f. 

We  have  now  arrived  at  the  modification  assumed  by  the  con- 
tinuous current  motor  in  its  adaption  to  alternating  current 
circuits : 

Ist. — The  armature  current  is  induced  by  a  primary  energy  cir- 
cuit, instead  of  being  led  in  by  brushes. 
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2nd. — To  keep  the  field  excitation  in  phase  with  the  armature 
current,  it  is  derived   from  an   auxiliary  circuit  of  displaced 

E.  M.  F. 

3rd.— To  avoid  energy  transfer  between  field  exciting  circuit 
and  armature,  the  b  m.  f.  at  the  terminals  of  the  field  exciting 
coil  is  kept  approximately  equal  to  the  e.  m  f.  induced  in  the 
armature,  by  the  internal  reactions  of  the  system. 

This  is  the  monocyclic  motor. 

The  calculation  of  such  a  motor  is  now  simple,  and  done  on 
the  hand  of  the  previous  explanation  of  its  action.  The  torque, 
and  thus  the  output  of  the  motor,  are  determined  by  the  field 
magnetization,  the  armature  current,  and  the  angular  space  dis- 
placement between  them.  The  field  magnetization  is  determined 
by  the  impressed  e.  m.  f.  of  the  exciting  circuit,  and  the  arma- 


ria. 17. 


Pig.  18. 


ture  current  is  determined  by  the  equations  of  the  alternating 
current  transformer,  as  secondary  currents  induced  by  theprimarj' 
energy  current.  Since  no  energy  transfer  should  take  place 
between  the  exciting  circuit  and  the  armature,  it  follows  that  the 
counter  e.  m.  f.  at  the  exciting  circuit,  is  ecjual  to  the  e.  m.  f. 
induced  in  the  armature,  and  thus  the  magnetic  flux  can  be 
calculated  from  the  latter. 

This  leads  us  to  the  theory  of  the  induction  motor  as  outlined 
by  me  in  the  Transactions  of  lb94  p.  669,  equations  as  seen 
strictly  analogous  to  those  of  the  alternating  current  transformer. 

Since  the  e.  m.  f.  required  at  the  terminals  of  the  exciting  cir- 
cuit, in  such  a  motor,  is  in  quadrature  with  the  main  e.  m.  f., 
obviously  such  a  motor  could  be  operated  from  a   quarter-phase 
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circuit  also.  It  would  in  this  case,  however,  offer  the  disadvan- 
tage of  loading  the  two  circuits  unevenly,  the  one  circuit  with  a 
large  energy  current  in  phase  with  the  b.  m.  f.,  the  other  circuit 
with  a  small  and  lagging  exciting  current. 

An  equal  load  on  both  branches  of  the  system  can  be  secured 
by  using  a  double  motor.  In  this  case  the  first  phase  is  used  to 
feed  the  energy  circuit  of  the  one,  and  the  exciting  circuit  of 
the  other  motor,  the  second  phase  for  feeding  the  exciting  circuit 
of  the  first,  arid  the  energy  circuit  of  the  second  motor.  Going 
still  a  step  further,  one  and  the  same  field  pole  can  be  used  for 
exciting  the  field  of  the  one,  and  inducing  the  armature  currents 
of  the  other  motor,  by  cross-connecting  the  armature,  or  UBing 
one  armature  within  two  fields  placed  side  by  side  of  each  other, 
as  outlined  diagrammatically  in  Fig.  18.  As  you  see,  we  get  here 
our  well-known  friend  the  Stanley  motor,  consisting  of  two 
armatures  with  common  winding  acted  upon  by  two  fields,  in 
such  a  way  that  each  field  sends  the  magnetic  flux  through  the 
armature,  and  at  the  same  time  induces  currents  in  the  armature 
winding  which  are  acted  upon  by  the  magnetic  flux  produced  by 
the  other  field. 

Going  still  a  step  farther  in  this  direction,  one  armature  only 
may  be  used  in  one  double  field,  by  bringing  both  sets  of  field 
poles  into  the  same  plane  as  shown  diagrammatically  in  Fig.  19. 
Here  we  have  two  magnetic  field  fluxes  in  quadrature  with  each 
other,  each  acting  upon  the  currents  induced  in  the  armature  by 
the  other  flux.  Obviously  it  is  unessential  theoretically  whether 
we  have  a  double  motor  with  two  fluxes  in  quadrature,  or  a  triple 
motor  with  three  fluxes  under  equal  angles.  The  equations  of 
the  motor  and  its  calculation  remain  the  same  as  mentioned 
above. 

As  seen,  starting  from  the  continuous  current  motor,  by  suc- 
cessive steps  we  arrived  at  the  so-called  "  rotary  field  motor '' 
without  making  use  of  the  hypothesis  of  the  revolving  field.  In 
the  last  type  of  motor  and  to  a  lesser  extent  in  the  preceding 
types,  the  action  of  the  motor  can  also  be  explained  thus: 

The  E.  M.  F.'s  of  displaced  phase  impressed  upon  the  motor  cir- 
cuits, produce  currents  in  these  circuits  which  combine  in  their 
magnetizing  action  to  a  resultant  m.  m.  f.  This  resultant  m.  m. 
F.  rotates  at  constant,  or  approximately  constant,  intensity,  and 
at  a  uniform  velocity,  the  velocity  of  synchronism,  through  the 
motor  field,  and  produces  thereby  a  system  of  rotating  magnet 
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poles,  which  by  their  drag  upon  the  currents  induced  by  them 
in  the  armature,  cause  the  armature  to  revolve.  This  theory 
is  very  beautiful  by  its  simplicity.  It  has,  however,  the  disad- 
vantage of  not  giving  due  prominence  to  the  transformer  feature  of 
the  motor  and  to  the  multiple  circuit  feature.  Therefore,  it  has 
not  proved  suitable  as  far  as  I  know  for  the  calculation  of  such 
motors,  and  has  in  this  regard  rather  retarded  the  progress  of  in- 
duction motor  design,  by  deflecting  the  attention  from  the  mul- 
tiple circuit  transformer  feature  of  the  motor.  If,  for  instance, 
in  the  motor  in  Fig.  19,  one  of  the  circuits  was  opened,  the  field 
should  be  expected  to  change  from  rotating  £o  pulsating,  that  is 
varying  between  maximum  and  zero.  It  does  not  change,  how- 
ever, but  remains  the  same.  But  under  certain  circumstances, 
the  rotation  of  currents  may  even  be  in  opposition  to  the  rota- 


FiG.  19. 


Fig.  20. 


tion  of  the  motor  amature.  Inserting  in  the  two  circuits  of  the 
motor  in  Fig.  19  a  field  exploring  device  consisting  of  two  small 
corls  A  and  b.  Fig.  20,  in  quadrature  with  each  other,  and  with  a 
light  movable  iron  disk  o  in  their  common  center,  we  can  by  the 
rotation  of  this  iron  disk  find  the  so-called  rotation  of  the  cur- 
rents in  the  two  circuits,  and  its  direction.  If  equal  e.  m.  f.'s  are 
impressed  upon  the  two  circuits  of  the  motor,  the  iron  disk  o  will 
rotate  rapidly  in  the  same  direction  as  the  motor  armature.  Reduc- 
ing one  of  the  two  e.  m.  f.'s  gradually,  we  should  expect  to  see  the 
rotating  field  change  from  uniform  rotation  to  elliptical  rotation, 
so  that,  for  instance,  if  b  is  10  per  cent,  lower  than  a,  the  "  rota- 
ting field"  should  pulsate  by  10  per  cent.  In  reality  the  action  of 
the  motor  is  such  as  would  require  a  constant  and  uniformly  rota- 
ting field  for  its  explanation. 
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The  strangest  feature,  however,  is  the  behavior  of  the  iron  disk 
c.  With  increasing  difference  between  the  k.  m.  f.'s,  a  and  b, 
the  disk  slows  down,  comes  to  rest,  and  then  begins  to  revolve  in 
the  opposite  direction,  showing  that  one  of  the  currents  lias  re- 
versed, and  the  direction  of  rotation  of  the  primary  currents  in 
the  motor  and  thus  their  m.  m.  f's.  is  reversed.  The  motor,  how- 
ever, keeps  on  revolving  in  the  same  direction  as  before,^  that  is 
in  opposite  direction  to  the  primary  currents.  The  explanation  of 
this  phenomenon  follows  from  the  preceding  discussion  of  the 
multiple  circuit  transformer  feature  of  the  motor.  With  the  de- 
crease of  the  E.  M.  F.,  B,  the  transformer  action  between  armature 
and  circuit  b  reverses  its  sign,  and  current  returns  from  b.  Thus, 
with  increasing  difference  between  a  and  b,  the  current  a  con- 
stantly increases  while  b  decreases,  reaches  a  minimum  when 
the  exploring  disk  c  stops,  and  then  increases  again.  This  experi- 
ment is  very  instructive  in  showing  the  internal  reactions  of  the 
induction  motor. 
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SOME  OBSERVATIONS   ON   A   DIRECT-CONNECTED 
300  K.  W.  MONOCYCLIC  ALTERNATOR. 

BY  DUOALD  C.  JACKSON  AND  S.  B.  FORTENBAUGH. 

Before  giving  the  results  of  the  observations  we  have  taken,  it 
will  probably  be  desirable  to  give  a  brief  description  of  the 
machine. 

The  machine  is  the  new  monocyclic  alternator,  manufactured 
by  the  General  Electric  Company,  of  300  k.w.  capacity — 1150 
volts,  260  amperes — at  a  speed  of  140  revolutions  per  minute. 
It  is  direct  connected  to  a  Russell,  tandem-compound,  high-speed 
condensing  engine,  which  ran  during  the  test  about  15  revolutions 
more  than  the  required  ej>eed.  The  armature  is  of  the  ironclad 
type,  110  inches  in  diameter,  10^  inches  wide,  with  about  -j^inch 
clearance,  and  is  furnished  with  two  sets  of  windings. 

According  to  Dr.  Louis  Bell  the  cross-section  of  the  main  and 
teaser  coils  is  the  same,  but  the  latter  has  fewer  turns  and  is 
])laced  in  shallower  slots  midway  between  the  main  coiN.  The 
pressure  developed  by  the  teaser  coils  was  .7  of  the  pressure 
across  the  main  terminals  of  the  machine.  There  are  96  slots  on 
the  armature,  one-half  of  these  being  used  for  the  main  coils  and 
the  other  half  for  the  teaser  coils.  Three  collector  rings  are  used, 
one  being  connected  to  each  end  of  the  main  coil,  and  one  to  the 
free  end  of  the  teaser  coil.  These  are  made  of  brass,  2  inches 
wide  and  \  inch  thick,  and  each  has  two  brushes,  -^  inch  thick, 
covering  its  full  width.  The  rectifier  for  the  series  excitation  is 
4f  inches  wide  and  has  48  segments  IJ  inches  in  width.  Two 
sets  of  brushes  are  used  for  both  the  positive  and  negative  poles 
of  the  rectifier,  each  set  consisting  of  two  copper  brushes  \\ 
inches  wide  by  /^  inch  thick.     Only  about  .63  of  the  total  cur- 
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rent  is  rectified  in  this  machine.  The  magnet  coresare laminated, 
48  in  number,  and  are  10  by  fj  inches  face  and  lOJ  inches  deep, 
the  outside  dimensions  of  the  field  windings  being  about  12  b}^  6 
inches.  Each  magnet  spool  carries  a  series  coil,  and  a  separatelj 
excited  coil,  all  the  series  and  Beparately  excited  coils  being  sep- 
arately connected  in  series. 

The  series  coils  are  formed  of  two  flexible  cables  in  parallel, 
having  a  total  cross-section  of  about  98,000  cir.  mils,  while  the 
cross-section  of. the  separately  excited  coils  is  about  83,100  cir. 
mils. 


Indicator  Card  from  High  Pressure  Cylinder,  60  lb   Spring.    Speed  H6. 
Total  I  H.  p.,    High  Pressure  126.8  b.  h.  p.  190. 


Fig.  1.     Indicator  Card  from  Low    Pressure   Cylinder,   20  lb.    Spring. 
Speed  146.    Total  i.  h.  p.     Low  Pressure  Cylinder  lu7.8  b.  h.  p.  190. 


The  exciter  used  was  a  four  pole  continuous  current  machine, 
of  the  new  General  Electric,  slow-speed  type,  belted  direct  from 
the  dynamo  shaft,  and  therefore  all  power  measurements  include 
the  power  furnished  to  the  exciter.  The  output  of  the  exciter  is 
52  amperes  at  125  volts,  and  its  speed  850  revolutions  per  min- 
ute. Standardized  Weston  instruments  were  used,  with  the 
exception  of  the  main  ammeter  in  the  generator  circuit,  this 
being  the  regular  staticm  instrument  furnished  by  the  General 
Electric  Company.  This  instrument  was  quite  sensitive,  and, 
while  no  means  were  at  hand  for  calibration,  we  think  the  results 
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may  safely  be  taken  as  a  fair  indication  of  the  performance  of  the 
machine.  The  principal  dimensions  of  the  engine  are  as  follows: 
Stroke  24  inches,  diameter  of  high  pressure  cylinder  15  inches, 
diameter  of  low  pressure  cylinder  24  inches. 

Figure  1  represents  a  set  of  cards  taken  from  the  engine  and 
following  are  the  electrical  readings  taken  at  the  same  time — 124 
amperes,  1144  volts,  146  revolutions  per  minute.  The  exciting 
current  was  51  amperes. 

In  planning  the  test  we  fully  expected  to  make  a  ten-hour 
continuous  run  at  full  load,  and  determine  the  heating,  efficiencies, 
etc.,  but  were  unable  to  go  farther  than  slightly  above  half  load. 
In  the  first  place  the  engine  was  piped  to  a  single  boiler  of  insuf- 
ficient capacity,  and  secondly,  the  engine  was  too  small  to  carry 
the  full  load  of  the  generator,  and  in  addition  its  regulation  was 
defective,  the  total  variation  of  speed  being  as  much  as  15  per 
cent.  Figure  2  therefore  shows  an  efficiency  curve  for  slightly 
above  half  load,  and  from  this  it  will  be  seen  that  the  commercial 
efficiency  of  the  generating  set  is  about  81  per  cent,  at  half  load. 
When  these  observations  were  made,  the  machine  was  in  commer- 
cial service  with  the  regular  transformer  load.  The  commercial 
efficiency  of  the  t^enerating  set  is  taken  as  the  ratio  of  the  elec- 
trical output  to  the  i.H.p.  The  e.h.p.  here  used  is  taken  as  the 
product  of  amperes  and  volts,  the  power  factor  of  the  circuits 
therefore  being  assumed  at  100.  Actual  measurements  have 
shown  that  the  power  factor  is  at  any  rate  over  98  per  cent.,  and 
consequently  the  error  made  by  this  assumption  is  comparatively 
small.  The  diagonal  lines  in  the  figure  sliow  respectively  the 
i.H  p.  and  the  k.h.p.  at  different  loads,  the  vertical  scale  for  these 
being  at  the  right  hand  of  the  figure.  For  the  ordinary  changes 
of  load,  the  regulation  of  the  alternator  is  not  entirely  effected  by 
the  series  coils  as  the  machine  now  stands,  but  requires  consider- 
able hand  regulation.  However,  this  can  probably  be  improved 
by  altering  the  shunts  across  the  rectifier  and  series  turns  respec- 
tively, thus  giving  a  greaternumber  of  ampe-e-tums  in  the  series 
coils.  This  lack  of  regulation  on  the  part  of  the  alternator 
combined  with  the  unsatisfactory  regulation  of  the  engine, 
makes  the  [>erformance  of  the  generating  set  somewhat  below 
the  standard  for  this  class  of  machinery  when  under  ordinary 
working  conditions,  but,  as  a  whole,  the  unit  is  a  magnificent 
piece  of  mechanical  construction. 
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Discussion. 

Mb.  E.  J.  Bbbg  : — This  paper  states  that  the  cross-section  of 
the  teaser  coil  was  about  toe  same  as  that  of  the  main  coil.  It 
ought  to  read  one-quarter.  The  cross-section  of  the  conductors 
in  the  teaser  coil  is  the  same  as  the  cross-section  of  the  conductors 
of  the  main  coil,  but  the  number  of  turns  of  the.  teaser  wind- 
ing is  only  one-quarter  of  that  of  the  main  winding,  and 
thus  the  total  cross-section  is  but  one-quarter  that  of  the  main 
coil.  In  consequence  thereof,  the  e.  m.  f.  of  the  teaser  coil,  which 
is  stated  in  the  paper  to  be  .7  of  that  of  the  main  coil,  is  only  .25. 
The  E.  M.  F.  observed  by  the  writer  of  the  paper  is  probably  the 
difference  of  voltage  between  main  and  teaser  collector  ring, 
and  thus  is  at  open  circuit  .57  of  the  potential  between  the  mains. 

Mr.  Gano  S.  Dunn  : — I  would  lite  to  inquire  the  reason  for 
such  a  high  power  factor  with  the  conditions  under  which  the 
machine  was  running  ? 

Prof.  FoRTENBAUOH  : — The  ower  factor  was  determined  by 
using  a  large  wattmeter,  after  being  carefully  calibrated,  and 
siinply  taking  the  ordinary  meter  readings,  amperes  and  volts. 

The  ratio  of  the  product  of  the  amperes  and  volts  to  the  watt- 
meter readings  gave  us  the  power  factor  of  about  98J  per  cent. 
The  machine  was  in  ordinary  commercial  lighting  service,  and 
these  readings  were  taken  on  only  one  of  the  regular  lighting 
circuits,  and  assumed  to  be  practically  the  same  on  all  of  them. 

I  am  much  obliged  to  the  gentleman  who  made  the  corrections. 
In  regard  to  the  cross-section  of  the  main  and  teaser  coils,  I  will 
simply  say  that  my  information  was  taken  from  an  article  by  Dr. 
Louis*  Bell,  which,  I  think,  was  recently  read  before  The  National 
Electric  Light  Association. 

As  regards  the  ratio  of  the  pressures  between  the  mains  and 
teaser  wire,  I  have  here  one  reading  in  which  the  e.  m.  f.  between 
the  terminals  is  1,100  volts,  and  that  between  the  teaser  and 
either  one  of  the  terminals  is  760.  This  gives  a  ratio  of  about 
.7  approximately,  with  no  current  on  the  teaser  wire.  It  may 
not  be  absolutely  correct,  but  that  is  a  fair  average  reading  on 
this  particular  machine. 

The  generator  load  corresponding  to  these  readings  was  160 
amperes,  and  the  current  in  the  series  field  was  104  amperes. 

Mr.  Steinmetz  : — I  think  I  can  explain  a  part  of  this  discrep- 
ancy regarding  the  voltage  between  the  main  and  teaser  col- 
lector ring.  As  I  showed  in  my  last  paper,  there  is  a  tendency 
in  the  alternating  current  generator  to  regulate  for  constancy  of 
balance  factor.  This  means  that  in  this  particular  case,  if  the 
generator  main  coil  is  loaded,  the  main  voltage  will  drop  more 
than  the  teaser  voltage,  or  in  other  words,  since  the  macnine  is 
compounded,  the  teaser  voltage  will  rise,  and  thus  give  a  some- 
what greater  difference  of  potential  between  main  and  teaser  coll. 
Inversely,  if  the  teaser  coil  is  loaded,  as  by  induction  motors,  its 
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voltage  will  drop,  and  so  the  ratio  between  teaser  voltage  and 
main  volti^  be  reduced.  This  is  plainly  shown  in  the  variations 
of  terminal  voltages  on  an  induction  motor  operated  from  the 
monocyclic  system.  I  have  here  (Fig.  1)  the  characteristic  curves 
of  a  standard  16  h.  p.  induction  motor  operated  from  a  mono- 
cvdic  ^nerator  by  means  of  two  transformers  connected  with 
their  primaries  between  teaser  and  main  line,  while  one  of  the 
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Fio.  1. — 16  H.  P.  Induction  Motor  on  Monocyclic  and  on  Three-phase  Circuits. 


secondaries  is  reversed  with  regard  to  the  other,  thereby  changing 
the  relative  displacement  of  the  e.  m.  f.'s  from  approximately  60 
in  the  primary  to  approximately  120°  in  the  secondary,  an^  giv- 
ing approximately  an  equilateral  triangle.  At  no  load,  the  three 
secondary  e.  m.  f.'s  are,  as  seen  from  tlie  diagram,  124,  124  and 
lOi>  volts,  the  lowest  e.  m.  f.  being  that  corresponding  to  the 
teaser  voltage.  With  increasing  load  on  the  motor,  and  increas- 
ing current  taken  by  it,  the  teaser  voltage  drops  rapidly  and 
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reaches  80  volts  at  ^^  h.  p.,  while  the  two  other  voltages,  which 
are  composite  voltages,  or  resultants  of  main  and  teaser  voltage, 
have  chanficed  to  12?  and  113  volts.  The  difference  between  them 
is  due  to  the  interaction  of  main  and  teaser  circuit  caused  by  the 
tendency  of  the  generator  to  maintain  its  balance  factor.  Incident- 
ally I  may  remark  that  on  the  same  curve  sheet  are  shown  in 
drawn  lines  the  amperes  consumed  by  the  motor,  the  large  value 
representing  the  common  return  of  the  two  essentially  single- 
phase  currents.  The  apparent  kilovolt-araperes  of  the  main  coil 
and  of  the  teaser  coil  are  given  by  two  tliin  drawn  lines.  For 
comparison,  in  dotted  lines  are  given  the  amperes  and  kilovolt- 
amperes  consumed  by  the  same  motor  when  operated  on  a  three- 
phase  circuit. 

Now  with  regard  to  the  other  question,  the  voltage  measured 
between  main  collector  ring  and  teaser  collector  ring  cannot  be 
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properly  called  teaser  voltage,  since  it  is  a  resultant  voltage  of: 
the  teaser  coil  and  half  the  main  coil.  The  teaser  voltage  cannot 
be  measured  directly,  since  only  one  terminal  of  the  teaser  is 
brought  out  to  a  collector  ring,  while  the  other  terminal  is  con- 
nected to  the  middle  of  the  main  coil  as  shown  in  Fi^.  2.  Thus,  to 
determine  the  teaser  voltage  we  can  either  proceed  by  calculation 
by  measuring  the  voltage  between  teaser  collector  ring  and  main 
collector  ring,  =  E^  and  the  voltage  between  the  main  collector 
rings  =  Eq.    The  teaser  voltage  is  then 


A=^A-(i-')" 


as  seen  in  the  e.  m.  f.  diagram  Fig.  3.  Another  way  to  deter- 
mine the  teaser  voltage  by  measurement,  is  to  separate  it  from 
the  main  voltage  by  transformation,  by   connecting  two  trans- 
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formers  between  teaser  and  main  lines  and  reversing  the  secon- 
dary of  one  transformer  as  shown  in  Fig.  4.  We  tnus  get  the 
primary  e.  m.  f.,  diagram  Fig.  5,  wliere  a  b  is  the  main  voltage, 
c  D  the  teaser  voltage,  and  a  o  and  b  c  the  two  voltages  between 
teaser  and  main  coil,  that  ia  the  voltages  at  the  transformers.  The 
reversal  of  the  one  transformer,  reverses  one  of  these  e,  h.  f.*s 
B  c,  and  thus  gives  the  secondary  e.  m.  f.  diagram  ah  c^  and  in 
this  diagram  which  is  approximately  an  equilateral  triangle,  the 


PRIMARY 


mm  mm 


SECONDARY 
Fig.  4. 


Fig.  r>. 


smallest  side  a  ft  is  equal  to  twice  c  d,  that  is  twice  the  teaser 
voltage,  times  the  ratio  of  transformation.  In  this  way  the  teaser 
voltage  can  be  separated  by  transformation. 

Peof.  Fortenbaugh  : — In  this  paper  we  should  have  stated 
that  the  ratio  of  the  pressures  was  about  .7  with  no  load  on  the 
teaser  wire.  We  haa  no  way  of  measuring  this  pressure  when 
the  teaser  wire  was  loaded,  simply  because  it  was  not  in  use. 

(Recess  till  8  p.  m.) 
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THE  COST  OF  STEAM  POWER.  U, 

BY  0HA8.  E.  EMBBT,  PH.  D. 

§  1.  Previons  articles  of  the  writer  on  this  subject  dealt  with 
the  problem  as  it  practically  presented  itself  at  the  several  times. 
The  first  article  in  1883^  referred  particularly  to  results  which 
had  been  obtained  in  a  number  of  typical  cotton  mills  by  the 
use  of  the  ordinary  condensing  engines  in  vogue  at  the  time. 
A  more  recent  article  in  1893'  discussed  the  question  of  the  cost 
of  steam  power  in  500  h.  p.  units  or  multiples  of  the  same, 
developed  in  different  kinds  of  engines,  including  the  more 
modem  triple  compound  engines.  The  first  paper  was  based  on 
actual  conditions,  the  second  on  assumed  conditions,  the  best  ex- 
perimental results  being  considered,  but  afterward  modified  by 
judgment  so  as  to  give  a  final  result  which  would  approximate 
the  conditions  of  ordinary  average  working.  In  a  later  and 
more  general  article  published  in  1895 '  the  method  employed 
to  increase  experimental  results  to  an  approximately  practical 
basis  was  outlined,  but  otherwise  the  inquiry  was  extended  little 
or  no  further  than  before. 

§  2.  In  connection  with  the  proposed  supply  of  power  in  large 
units  from  Niagara  Falls  and  other  undertakings  of  a  similar 
character,  the  question  naturally  arises:  What  would  be  the 
cost  of  steam  power  if  also  supplied  in  large  units  and  generated 
with  modem  machinery  of  the  most  approved  type?  The  question 
would  be  a  simple  one  if  it  involved  only  the  amount  of  coal 
consumed  at  a  definite  price,  and  the  labor  required  to  handle 

1.  Trans.  Am.  Soc.  C.  E.,  vol.  xii..  p.  425,  Nov.  1888. 

2.  Tkaks.  Am.  Inst.  El.  Engrs ,  vol.  x.,  p.  119,  March,  1893. 
8.  Thi  Engineering  Magcmne,  vol.  viii,  p.  796,  Feb.  1895. 

Digitized  by  VjOOQIC 


BMMBT  om  COST  OF  8TBAM  POWBB.  869 

the  coal  and  attend  to  the  machinery.  It  is  very  common  to 
compare  the  value  of  two  engines  simply  by  the  relative  amount 
of  coal  consumed,  assuming  that  other  costs  incident  to  the 
development  of  the  same  power  will  be  the  same  in  all  cases. 
Even  if  the  assumption  be  substantially  correct  it  has  a  more  im- 
portant bearing  on  the  result  than  appears  at  first  sight.  The 
cost  of  coal  is  for  ordinary  engines  of  moderate  size  only  about 
one-third  of  the  total  cost  of  steam  power,  so,  if  the  other  costs 
remain  nearly  constant,  moderate  savings  in  the  cost  of  coal  will 
not  proportionally  decrease  the  cost  of  the  power. 

§  3.  In  large  plants  operated  nearly  at  full  capacity,  the  best 
types  of  steam  machinery  can  be  profitably  employed^  the  cost 
of  superintendence  will  be  reduced  and  the  cost  of  labor  required 
for  operation  materially  decreased.  The  decrease  in  labor  de- 
pends largely  on  the  size  of  steam  unit  it  is  found  practicable  to 
employ.  Triple  compound  engines  of  10,000  to  15,000  h.  p.  each, 
are  used  quite  successfully  in  our  large  ocean  steamers,  but  it  is 
considered  that  these  units  are  altogether  too  large  for  the  prob- 
lem we  are  considering. 

§  4.  Any  supply  of  power  must  be  adapted  to  the  nature  of 
the  demand,  which  for  most  industrial  operations  is  variable,  and 
it  is  desirable  to  make  the  steam  units  of  such  size  that  one  or 
more  of  the  same  can  be  grouped  together  to  carry  the  load  at 
any  time,  without  either  overloading  or  greatly  underloading 
either  of  such  units.  In  a  large  plant,  upon  which  presumably 
many  different  manufactories  depend  for  power,  there  should  be 
a  spare  unit  which  can  be  used  in  case  of  accident,  and  ordinarily 
employed  in  regular  turn,  so  that  all  the  machinery  can  be  kept 
in  repair. 

§  5.  It  will  thus  be  seen  that  the  size  of  the  units  is  limited  by 
the  conditions  above  stated.  If  20,000  h.  p.  as  a  maximum  were 
to  be  delivered,  two  units  of  10,000  h. p.  .each  would  do  the 
work,  but  evidently  the  spare  engine  would  require  also  to  be 
10,000  H.  p.  and  this  would  involve  too  large  an  amount  of  capi- 
tal in  spare  machinery.  At  Niagara  Falls  four  connected  tur- 
bines and  dynamos  of  5,000  h.  p.  each  are  being  erected  in  a  pre- 
liminary plant,  so  that  only  15,000  h.  p.  maximum  can  be 
delivered  if  the  principles  above  outlined  are  strictly  carried  out, 
though  evidently  contracts  can  be  drawn  to  provide  that  the 
power  may  be  stopped  in  case  of  accident,  the  same  as  in  a  pri- 
vate establishment,  and  thereby  all  the  wheels  and  engines  put 
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in  service  at  the  same  time,  but  it  is  probable  that  one  unit  will 
be  practically  kept  in  reserve  and  more  units  added  as  the  de- 
mand warrants.  With  steam  power  there  would  be  some  advan- 
tages for  a  20,000  h.  p.  plant  in  adopting  a  unit  of  2,500  h.  p., 
on  which  basis  with  one  spare  unit  of  this  size  there  would  be 
nine  such  units  in  all.  There  is  an  advantage  in  having  all  the 
engines  alike,  as  the  parts  required  for  repairs  are  then  dupli* 
cates  of  each  other,  the  units  can  be  more  suitably  arranged  in 
the  building,  and  the  labor  better  distributed.  When  it  could  be 
done  without  too  much  detail,  it  would  be  desirable  to  couple  to- 
gether several  engines  of  2,500  h.  p.  each,  so  that  they  would  be 
capable  also  of  independent  operation.  Another  method  would 
be  to  disregard  absolute  uniformity  when  so  much  power  is  to 
be  delivered,  and  have  several  duplicates  of  two  different  units, 
say  one  of  2,500  h.  p.  and  another  of  5,000  h.  p.,  which  would 
either  require  the  size  of  the  spare  engine  to  be  increased,  or  that 
the  other  engines  be  slightly  overworked  in  case  of  accident. 
For  simplicity,  however,  all  the  costs  will  be  assumed  alike  with 
either  arrangement. 

§  6.  The  average  cost  per  h.  p.  when  the  load  is  variable  is 
considerably  greater  than  if  the  power  be  furnished  continuously. 
Coal  is  wasted  in  building  up  the  tires  and  in  caring  for  them 
when  not  required,  all  supplies  are  increased  from  the  necessity 
of  starting  new  after  every  stoppage,  and  there  is  an  important 
loss  due  to  the  interruption  of  the  regular  hours  of  labor.  A 
sufficient  force  must  be  kept  on  hand  at  all  times  to  provide  for 
any  demand,  and  the  watches  of  the  men  arranged  in  some  prac- 
tical way  so  as  to  proportion  the  labor  to  the  work  to  be  done  as 
nearly  as  possible, 

§  7.  It  is  desirable  at  the  outset,  however,  to  ascertain  what 
steam  power  will  cost  under  the  most  advantageous  conditions  as 
to  demand,  and  we  therefore  submit  a  preliminary  estimate 
based  on  the  assumption  that  20,000  h.  p.  can  be  sold  for  every 
hour  in  the  year.  The  details  of  the  estimate  are  discussed 
afterward. 
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TABLE  I. 

8H0WI1I0  COST  OF  8TBAM  POWER  ON  BASIS  OV  OBNEBATIKa  20,000  H.  P. 
CONTINUOUSLT  EYKBT  HOUR  IK  THE  TEAR. 

Yearly  cost  of  coal  for  80,000  net  h.  p.  operated  continuonslj 
every  hour  in  the  year,  based  on  a  consumption  of  1,25 
pounds  of  coal  per  indicated  h.  p.  per  hour,  §  10.  Cost  of  ^t^^ 

coal  assumed  at  one  mill  per  pound,  or  $2.24  per  ton,  coit. 

1.  §12.    Engineemciencyassamedat92.8peroent,  §  11..  $287,200        48.4 

2.  Estimated  cost  of  labor,  §13 60.444        11.1 

8.  Estimated  cost  of  supplies  and  regular  repairs,  §  14 105,120        10.2 

Estimated  interest,  insurance,  taxes  and  cost  of  renewals^ 
4.     §  15^16 144,000        26.8 


5.  Total $546,814      100.0 

Which  divided  by  20,000  gives  the  following  : 

Cost  of  steam  power  per  h.  p.  per  year,  on  basis  of  20,000 

6.  H.  p.  delivered  every  hour  in  the  year $27.84 

Cost  of  steam  power  per  h.  p.  per  year  on  above  basis,  if  5 

per  cent,  of  the  original  cost  of  plant,  §  16,  be  charged 
for  dividends,  and  $1.00  per  h.  p.  added  for  general  busi- 

7.  ness  expenses,  §  18 27.84  +  3.60  +  1.00  =        31.94 

Cost  of  steam  power  per  h.  p.  per  year  on  above  basis,  if  10 

per  cent,  of  the  original  cost  of  plant,  §  16,  be  charged 
for  dividends,  and  $1.00  per  H.  p.  added  for  general  busi- 

8.  ness  expenses,  §  19 27.34  +  7.20  +  1.00  =        85.54 

§  9.  This  cost  is,  for  reasons  which  will  be  discussed  later, 
lower  than  it  is  probable  any  plant  can  be  operated  under  com- 
mercial conditions.  This  price  is  somewhat  higher  than  those 
given  in  the  papers  previously  mentioned,  simply  because  opera- 
tion is  supposed  to  be  continued  every  hour  in  the  year.  „ 

§  10.  The  cost  of  coal  above  outlined  is  derived  as  follows: 
The  best  triple  compound  engines  have  developed  a  h.  p.  for  a 
little  less  than  12  pounds  of  water  per  h.  p.  per  hour,  and  boilers 
have  been  constructed  which  at  actual  pressure  from  actual  tem- 
perature of  feed,  evaporated  10  pounds  of  water  per  pound  of 
first  quality  coal.  Both  these  results  are  under  experimental 
conditions,  but  we  must  assume  that  in  a  large  plant  like  this,  all 
details  will  be  so  well  attended  to  that  fair  experimental  results  may 
be  obtained  all  the  time.  We  therefore  assume  that  the  power 
will  be  produced  regularly  for  1^  pounds  of  coal  per  indicated 
horse-power  per  hour  which  would  be  obtained  with  engines  requir- 
ing 12i  pounds  of  feed-water  per  h-p.  if  the  boilers  evaporated 
10  pounds  of  water  per  pound  of  coal,  or  if  the  boilers  evapora- 
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ted  9.6  poiindB  of  water  per  pound  of  coal  and  the  engines  only 
required  12  pounds  of  water  per  h.  p.  per  hour. 

§  11.  For  permanent  work  of  the  kind  assumed,  engines  of 
comparatively  slow  speed  should  be  selected  and,  although  some 
of  the  work  might  be  directly  connected,  part  of  it  at  least  would 
necessarily  be  operated  by  some  method  of  transmission.  The 
frictional  losses  of  the  engines  and  the  more  important  features 
of  transmission  to  the  work  done  have  been  assumed  at  7.69  per 
cent.,  so  that  the  amount  of  coal  per  indicated  horse- power  above 
assumed  must  be  increased  by  ^  to  give  the  coal  per  net  h.  p. 

§  12.  The  cost  of  coal  per  ton  varies  greatly  in  different  parts 
of  the  country.  The  actual  cost  of  mining  bituminous  coal  is  as 
low  as  25  cents  per  ton  in  some  locations,  and  the  coal  can  be  de- 
livered on  the  cars  at  a  good  profit  at  50  cents  per  ton.  At  deep 
mines  the  cost  of  mining  is  greater,  but  in  all  cases  the  principal 
cost  of  coal  is  the  transportation,  which  has  been  reduced  from 
time  to  time  by  increasing  the  size  of  the  coal  cars  and  the 
weight  of  the  train,  and  by  reducing  the  grade  in  the  direc- 
tion of  traflSc,  until  it  is  credibly  stated  that  coal  can  be  hauled  on 
the  main  trunk  lines,  at  a  profit,  for  one-half  cent  per  ton  per 
mile,  thus  adding  only  $0.50  per  ton  for  each  100  miles  of  haul. 
The  lateral  roads  with  undulating  grades  cannot  haul  coal  at  as 
low  a  rate  as  this.  There  is,  moreover,  to  be  added  the  general  sel- 
ling expenses,  so  it  has  been  assumed  that  along  the  lakes,  although 
comparatively  near  coal  mines,  the  best  quality  of  coal  vdll  cost 
but  little  over  $2.  per  ton  if  purchased  in  large  quantities,  though 
this  price  must  be  increased  on  the  seaboard  fully  75  cents,  and 
for  ordinary  consumers,  of  course  much  more.  The  price  upon 
which  comparison  has  been  made  is  one  mill  per  pound  or  $2.24 
per  ton,  to  include  the  cost  of  delivery  directly  in  front  of  the 
boilers.  The  cost  in  line  1,  §  8,  is  derived  simply  by  multiplying 
the  net  power,  20,000,  by  IJ,  the  coal  per  indicated  horse-power, 
adding  ^  to  allow  for  friction,  and  multiplying  the  result  by 
8760,  the  number  of  hours  in  the  year,  and  $0,001,  the  price  per 
pound.  It  appears  that  some  kinds  of  coal  can  now  be  bought  in 
Buffalo  for  $1.50  per  ton.  Adding  only  25  cents  per  ton  for  the 
delivery  of  such  coal  directly  in  front  of  the  boilers,  and  the  taking 
away  of  the  ashes,  both  of  which  are  included  in  the  price  $i.24 
given  above,  the  cheaper  coal  need  only  have  an  evaporation  of 
10  (1.75  -7-  2.24)  =  7.81  pounds  of  water  per  pound  of  coal  to 
make  the  total  cost  of  the  coal  the  same  as  for  the  higher  priced 
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coal  with  an  assntned  evaporation  of  10  ponnds  stated  in  §  10.  It 
IB  mnch  more  probable  that  7.81  ponnds  evaporation  will  be  ob- 
tained from  commercial  coal^thau  that  10  ponnds  will  be  obtained, 
on  the  average,  from  a  higher  priced  coal,  so  the  cost  of  coal  stated 
in  line  1  of  the  several  tables  is  a  fair  one  for  existing  com- 
mercial conditions.  The  next  item,  that  of  labor,  is  made  np  as 
follows : 

§  13.  Withont  attempting  to  arrange  watches,  it  is  assumed 
that  on  the  average  there  would  be  required  in  such  a  station 
at  all  times 

One  attendant  for  each  2,500  h.  p.  engine,  or  8*men  in  all,_at 
25  oenta  per  hour .'.$2.00 

14  firemen  and  8  additional  men  at  the  same  pay  to  care  for 
pomps,  etc.,  and  to  keep  the  premises  clean ;  total,  17 
men  at  20  cents  per  hour $8.40 

Total  cost  of  labor  per  hour $6.40 

There  would  also  be  required  a  chief  engineer,  3  assistant  en- 
gineers and  some  clerical  help,  which  under  the  head  of  super- 
intendence would  cost,  say,  $13,140  per  year,  or  $1.50  per  hour, 
making  a  total  of  $6.90  per  hour.  The  total  cost  for  labor  and 
superintendence  for  one  year  of  365  days,  or  8760  hours,  at 
$6.90,  is  $60,444  as  given  in  line  2  of  §  8. 

§  14.  The  cost  of  supplies  and  repairs  in  connection  with  the 
boilers  and  large  condensing  engines  in  the  cotton  mills  of  Fall 
River,  proved  upon  investigation  several  years  ago  to  be  approxi- 
mately ^  of  a  mill  per  h.  p.  per  hour.  With  the  hope  that 
this  cost  can  be  reduced  in  an  immense  plant  of  this  kind  the 
quantity  in  line  3  has  been  extended  on  the  basis  that  the  cost 
will  be  only  0.6  mill. 

20,000  H.  p.  X  8760  hours  X  $0.0006  =  $105,120,  as  written 
in  line  3  of  §  8. 

§  15.  The  above  estimates  only  provide  for  regular  repairs. 
Independent  of  this,  a  certain  percentage  oft  he  first  cost  should 
be  put  at  interest  every  year  to  provide  for  renewals  of  the  ma- 
chinery, and  provision  made  also  for  paying  taxes  and  insurance. 
Calling  these  three,  5  per  cent,  of  the  cost,  and  considering  that  a 
company  which  can  build  so  large  a  plant  can  possibly  borrow 
money  at  5  per  cent.,  10  per  cent,  of  the  total  cost  will  be  re- 
quired for  these  several  items. 

§  16.  The  total  cost  of  sach  a  plant  cannot  be  determined  ac- 
curately in  advance.     The  present  prices  for  steam  machinery 
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are  very  low,  and  it  might  be  possible  to  buy  engines  of  the  best 
type  with  necessary  boilers,  ready  for  erection  for  $80  per  h.  p. 
To  this  price,  however,  must  be  added  the  cost  of  the  land  upon 
which  the  plant  is  to  be  erected,  the  cost  of  foundations,  of  erec- 
tion, of  the  buildings,  of  the  chimney,  the  pipe  connections,  the 
general  means  of  transmission,  and  the  multitude  of  minor  detailg 
required  for  fitting  up  such  a  place  ready  for  use.  The  probable 
cost  has  been  iixed  at  $64.  per  h.  p.  and  as  at  least  ^  surplus 
power  will  be  put  in  the  station,  there  will  be  required  a  steam 
plant  of  22,500  h.  p.  which  at  $64.  will  cost  complete  $1,440,000, 
10  per  cent,  of  which  as  required  above  is  written  in  line  4,  §  8. 

§  17.  Referring  to  line  6,  §  8,  we  find  that  the  "  Cost  of  steam 
power  per  h.  p.  per  year  on  the  basis  of  20,000  h.  p.  delivered 
every  hour  in  the  year "  is  $27.34.  The  price  at  which  this 
power  can  be  sold  to  consumers,  will  depend  upon  the  way  the 
company  furnishing  the  power  is  organized.  The  interest  on 
the  cost  is  already  provided  for  in  line  4,  so  the  net  cost  given, 
viz :  $27.34,  would  be  that  chargeable  to  power  if  the  same 
company  that  built  the  works  used  the  power,  or  if  an  association 
of  individuals  should  build  the  plant  and  simply  charge  them- 
selves with  its  cost. 

§  18.  If,  however,  a  private  company  with  ample  means 
should  build  the  plant  on  a  cash  basis  and  wished  to  sell  power  and 
realize  a  return  of  5  per  cent,  on  first  cost,  independent  of  inter- 
est on  the  money  invested,  the  modified  cost  would  be  $27.84 
plus  5  per  cent,  of  (64  X  li  =)  $72.  (§  16)  viz  $3.60,  to 
which  should  be  added,  say,  $1  per  h.  p.  for  general  business 
expenses,  making  the  total  charge  $31.04  shown  in  line  7,  §  8, 
the  same  method  being  used  in  reference  to  similar  lines  in  Tables 
II.  and  III. 

55  19.  If,  however,  tlie  promoters  desired  10  per  cent,  profit  on 
original  cost,  or  a  proportionally  less  percentage  on  stocks  and 
bonds  issued  in  excess  of  first  cost,  the  modified  cost  per  h.  p.  per 
year  would  be  $27.34  plus  10  per  cent,  of  $72.  (§  18)  viz  $7.20, 
to  which  adding  $1  per  h.  p.  as  before,  for  general  expenses  gives 
as  the  total  charge  under  these  conditions  $35.54,  shown  in  line 
8,  §  8,  the  method  applying  to  Tables  II.  and  III.  as  above  ex- 
plained. 

§  20.  We  are  now  prepared  to  ascertain  the  variations  in  result 
which  would  be  produced  if  the  power  were  considered  variable. 
For  this  purpose  lot  us  assume  there  will  be  sold  : 
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H.  P.  Hoort, 

1.  80,000  H.  P.,  10  hours  per  day 300,000 

2. 12,000  H.  p.,  10  hours  per  day 120,000 

8.    5,000  H.  p.,  4  hours  per  day 20,000 

4.  Total  daily  h.  p.  hours 840,000 

which  would  probably  be  required  on,  say,  309  working  days  iu 
the  year. 

5.  Total  H.  p.  hours,  809  days 105,060,000 

Then  if  5,000  H.  p.  were  required  for  the  remaining  56  holidays 

in  the  year  : 

6.  Total  H.  p.  hours,  56  days  of  24  hours,  5,000  h.  p 6.720,000 

7.  Total  H.  p.  hours  per  year 111,780,000 

Average  h.  p.  per  hour  duriug  the  year  : 

8.  Previous  result  -*-  8760  = 12,760  h.  p. 

The  average  h.  p.  is  therefore  63.80  per  cent,  of  the  maximum. 

This  percentage  is  frequently  termed  the  "  power  factor,"  and  is 

rather  higher  than  has  been  found  in  practical  cases  heretofore. 

An  estimate  of  the  cost  on  this  basis  will  be  given  in  advance  as 

before,  and  explained  afterward. 

§21. 

TABLE  11. 

SHOWING  THB  COST  OF  STEAM  POWER  OK    BASIS  OF  OENERATINO  20.000   H.P. 

MAXmiTM,   AND  AN  AVERAOE  OF  12,760  H.  P.    FOR 

EVERT  DAT  IN  THE  TEAR. 

Per  ceot. 

of  total 

cost. 

1.  Yearly  cost  Of  coal.  §  22 1157.644  37.8 

2.  Estimated  cost  of  labor,  §  23 47,652  11.8 

3.  Estimated  cost  of  supplies  and  regular  repairs,   §  26 78,584  17.4 

Estimated  interest,  insurance,  taxes  and  cost  of  renewals 

4.  §26 144,000  34.0 

.-).  Total $422,880        100.0 

Which  divided  by  12,760,  the  average  h.  p.,  §  20.  gives 

the  following  : 
Cost  of  steam  power  per  h.  p.  per  year  on  basis  of  deliver- 
ing 20,000  H.  p.  maximum  and  an  average  of  12,760 

6.  H.  p.  for  every  day  in  the  year $83.14 

CJost  of  steam  power  per  h.  p.  per  year  on  above  basis  if  5 

per  cent,  of  the  original  cost  of  plant  be  charged  for 
dividends  and  $1  per  h.  p.  added  for  general  expenses, 

7.  gl8,  88.14 -f  8.60+1.00= 87.74 

Cost  of  steam  power  per  h.  p.  per  year  on  above  basis  if 

10  per  cent,  of  the  original  cost  of  plant  be  charged  for 
dividends  and  $1  per  h.  p.  added  for  general  expenses, 

8.  §19,88.14  +  7.20  +  1.00=  141.84 
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§  22.  The  cost  of  coal  is  made  up  as  follows :  By  reference  to 
§  20  it  will  be  seeu  that  15,000  h.  p.  of  boilers  out  of  20,000 
must  be  shut  down  daily  for  periods  varying  with  the  demand, 
and  it  is  considered  that  it  will  require  an  amount  of  coal  equal 
at  least  to  the  average  consumption  for  one  hour  during  regular 
operation,  to  maintain  banked  fires,  overcome  radiation,  and 
bring  the  tires  to  average  working  condition  when  they  are  again 
put  in  operation.  The  total  daily  h.  p.  hours  in  line  4,  §20,  is 
therefore  increased  15,000  and  multiplied  by  309;  the  horse- 
power hours  for  the  56  holidays,  line  6,  are  then  added  to  the 
same ;  the  sum  multiplied  by  1.25  pounds  of  coal  per  h.  p.  and 
by  one  mill  per  pound  and  one-twelfth  added  to  the  whole  for 
friction,  which  gives  the  result  written  in  line  1,  §  21. 

§  23.  The  labor  cannot  be  distributed  accurately  until  the 
variations  of  loading  are  developed  practically.  On  any  definite 
basis,  sach  as  is  assumed  in  §  20,  the  watches  could  be  arranged 
so  that  there  would  be -little  loss  of  time,  but  in  practice  there 
would  be  a  variation  of  load  at  the  same  hour  on  different  days. 
For  instance,  with  the  electric  lighting  part  of  the  load,  the  de- 
mand would  vary  with  the  weather ;  with  the  cable  or  electric 
railroad  portion  of  the  load  the  demand  would  be  greater  on 
particular  days  and  seasons,  and  vary  also  somewhat  with  the 
weather,  so  to  be  provided  for  unexpected  demands,  there  must 
be  a  surplus  of  labor.  Such  surplus  will  be  assumed  at  20  per 
cent,  for  the  14  hours  of  reduced  power  per  working  day,  shown 
in  §  20,  lines  2  and  3,  equivalent  to  labor  for  28,000  h.  p.  hours 
per  day,  or  8,652,000  h.  p.  hours  for  309  days.  Adding  only  10 
per  cent,  for  56  holidays  gives  6,720,000  X  1.1  =  7,392,000 
H.  p.  hours.  Adding  both  to  the  total  h.  p.  hours,  §  20,  viz. : 
111,780,000,  gives  a  total  for  the  year  of  127,824,000  h.p.  hours, 
which  at  $0.00027  per  h.  p.  per  hour  (=  $5.40  -r-  20,000)  easily 
derived  from  §  13  gives : 

Cost  of  labor  per  year $S4,5«2 

Cost  of  superintendenoe  per  year,  from  §  18 18.140 

Total  for  labor  and  superintendenoe  per  year  as 

written  in  line  3,  Table  II.,  §  21  $47,653 

§  24.  The  cost  of  labor  and  superintendence  above  is 
100  X  $47,«52  -T-  60,444  =  78.83  per  cent,  of  that  required 
for  full  operation  throughout  the  year  shown  in  §  8,  although 
the  average  power  developed  is  only  63.80  per  cent.,  §  20. 

§  25.  The  cost  of  supplies  and  regular  repairs,  line  3,  wiU  be 
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somewhat  greater  proportionally  than  for  continuous  operation, 
and  is  estimated  to  be  70  per  cent,  of  the  similar  costs  given  in 
§  8,  $105,120  X  0.70  =  $73,684,  which  is  written  in  line  3,§  21. 

§  26.  Evidently  the  interest,  insurance  and  taxes  given  in 
line  4,  §  8,  are  not  modified,  and  the  percentage  allowed  for 
renewals  is  so  small  as  not  to  materially  affect  the  result,  so  the 
amount  given  in  line  4,  §  8,  is  repeated  in  same  line  of  Table  II. 

§  27.  The  presentation  in  Table  II.  will  give  a  fair  idea  of  the 
prices  it  would  be  necessary  to  secure  on  installing  a  large  steam 
plant  to  furnish  power  in  various  quantities  to  consumers  on  the 
premises,  or  to  apparatus  for  transmitting  power  to  the  same, 
the  costs  of  which  transmission  are  not  included.  The  costs  at 
which  the  power  can  be  sold  nnder  certain  specified  conditions, 
as  stated  in  lines  7  and  8,  §  21,  are  the  only  features  that  directly 
interest  consumers  of  power. 

§  28.  A  large  proportion  of  the  power  in  manufacturing  es- 
tablishments is  used  only  10  hours  per  day,  so  this  investigation 
would  not  be  complete  if  it  did  not  include  a  presentation  of  the 
cost  of  steam  power  generated  with  large  units  for  10  hours  per 
day.  Such  an  estimate  is  made  in  Table  III.,  the  explanation  of 
the  items  being  given  afterward  as  heretofore. 

§29. 

TABLE  III. 

SHOWUrO  THB  COST  OF  STBAM  POWER  ON    THE  BASIS  OF  OENBRATIKO  20,000 

H.  P.  CONTINUOUSLY  FOB   10  HOURS  PER    DAY    FOR 

8'^9  DAYS  IN  THB  YEAR. 

Per  crnt 
of  total 
cost. 

1.     Yearly  cost  of  coal,  §  30 $92,056        80.6 

3.  Estimated  cost  of  labor,  §31 27,198  9.1 

8.  Estimated  cost  of  supplies  and  regular  repairs,  §  32 87,080        12.8 

Estimated  interest,  insurance,  taxes,  and  cost  of  renewal. 

4.  §88 144,000        48.0 


Total $800,884      100.0 

which  divided  by  20,000  gives  the  following: 

Cost  of  steam  power  per  h.p.  per  year  on  the  basis  of  delivering 
20,000  H.  p.  continuously  for  10  hours  per  day  for  809 
days  in  the  year , 15.17 

Cost  of  steam  power  per  h.  p.  per  year  on  above  basis  if  5 
per  cent,  of  the  original  cost  of  plant  be  charged  for  divi- 
dends and  $0.75  per  h.  p.  added  for  general  business  ex- 
penses, §  18 15.17+  3.60  =  18.77;  18.77  +  0.75  =        19.52 

Cost  of  steam  power  per  h.  p.  por  year  on  above  basis  if  10 
per  cent,  of  the  original  cost  of  plant  be  charged  for  diW- 
deods,  and  $0.75  per  h.  p.  added  for  general  business  ex- 
pen8e6,§19 ..15.17  +  7.20=22.87;  22.37+.75=r       28.12 
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§  30.  The  yearly  cost  of  coal,  line  1,  above,  ifi  obtained  by  com- 
puting the  coal  for  1 1  hours  per  day,  for  reasons  explained  in  §  22 
and  making  the  calculations  explained  in  the  latter  part  of  §  12 
for  309  X  11  =  3399  hours  in  the  year. 

§  31.  The  labor  would  be  occupied  309  working  days,  and,  say, 
one  half  the  holidays,  §  20.  The  cost  of  labor  for  337  days  of  10 
hours  or  3370  hours,  at  $5.40  per  hour,  §  13  =  $18,198.  Two 
assistant  engineers  could  be  dispensed  with,  compared  with  §  13, 
thus  reducing  the  cost  of  superintendence  to,  say,  $9,000  per 
year.  The  sum  of  these  two  quantities  is  written  in  line  2  of 
Table  III. 

§  32.  The  cost  of  supplies  and  repairs  is  estimated  at  the  rate 
of  0.6  mill  per  h.  p.  hour  as  per  §  14,  20,000  X  3090  X  $0.0006 
=  $38,080,  as  written  m  line  3,  Table  III. 

§  33.  The  amount  written  in  line  4,  Table  III.,  is  the  same  as 
for  the  two  other  cases.  The  cost  of  renewals  should  apparently 
be  reduced  astlie  machinery  operates  less  hours,  but  the  percent- 
age allowed  for  renewals  is  very  small  and  should  be  increased 
for  the  other  cases  rather  than  reduced  for  this.  Moreover,  re- 
newals are  made  more  frequently  on  account  of  new  discoveries 
or  changes  in  business  than  from  the  actual  wearing  out  of  the 
apparatus. 

§  34.  The  prices  given  in  the  lines  6,  7and  8  of  Table  III.,§  29, 
will  best  compare  with  those  carried  familiarly  in  the  mind.  The 
minimum  cost  derivable  from  the  paper  in  Transactions  for 
1893,  above  referred  to,  is  for  coal  at  $2.24  per  ton  and  ten  hours 
per  day,  $22.31  per  h.  p.  per  year.  This  should  be  compared 
with  $18.77  in  line  7,  of  Table  III.,  as  the  previous  calculations 
provided  for  10  per  cent,  interest  and  dividends,  as  is  provided  in 
lines  4  and  7  jointly  in  Table  III.,  but  not  for  general  business 
expenses.  The  difference  is  $3.54  per  h.  p.,  corresponding  to  a 
saving  of  15.87  percent,  by  generating  the  power  on  the  larger 
scale. 

§  35.  The  quantities  in  the  previous  paper  above  mentioned 
were  augmented  here  and  there,  so  as  by  judgment  to  try  and  ap- 
proximate the  various  losses  incident  to  average  practice,  though 
insufficiently  to  show  the  results  of  such  practice  in  some 
locations.  The  prices  herein  given,  are  as  low  as  it  would  be  safe 
to  expect  with  very  careful  management  of  a  very  large  plant. 
The  comparatively  small  diflference  in  result  is  due  to  the  influ- 
ence of  the  constant  cost  shown  in  line  4  of  the  several  tables. 
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It  forms  26.8  per  cent,  of  the  total  cost  for  90,000  h.  p.  every 
hour  in  the  year,  Table  I.,  §  8 ;  34  per  cent,  for  variable  power, 
20,000  H.  p.  maximum,  12,760  h.  p.  average  day  and  night,  and 
rises  to  48  per  cent,  for  20,000  h.  p.  during  10  hours  of  the  ordi- 
nary working  days  in  a  year.  The  cost  of  coal  is  respectively 
43.4  per  cent.  37.3  par  cent,  and  30.6  per  cent,  of  the  total  cost 
f  ^r  the  same  three  conditions.  The  fixed  charges  also  increase 
gi-eatly  the  cost  of  water  power,  as  the  writer  has  had  occasion  to 
call  to  the  attention  of  parties  engaged  in  theee  large  hydraulic 
enterprises. 

§  36.  It  should  be  borne  in  mind  that  if.  water  power  or 
power  derived  from  water  be  sold  on  a  24  hour  basis,  but  can  only 
be  utilized  during  10  hours  per  day,  the  cost  of  the  water  power 
direct  or  derived  should  be  compared,  not  with  the  cost  of  steam 
power  on  a  24  hour  basis  in  Tables  I.  or  II.,  but  with  that  of 
.«4team  power  on  a  10  hour  basis  in  Table  III. 

§  37.  It  should  also  be  borne  in  mind  that  all  these  estimates 
provide  for  fixed  expenses,  such  as  interest,  insurance,  taxes  and 
cost  of  renewal,  and  that  in  comparing  the  prices  above  given 
with  the  cost  of  water  power,  similar  fixed  expenses  should  be 
added  to  the  price  of  such  power,  based  on  the  cost  to  the  consumer 
of  instilling  the  water  power  or  the  mechanism  through  which 
the  power  is  derived.  For  instance,  manufacturers  located  on 
the  canals  of  large  water  power  companies  necessarily  build 
tliair  own  head  and  tail  races  and  wheel-pits,  and  install  the 
gates,  screens,  turbines  and  means  of  transmission  for  utilizing 
the  power.  This  when  well  done,  in  many  locations  costs  as 
much  as  to  install  a  steam  plant,  so  the  fixed  annual  charges  for 
this  item  alone  would  be  $5.00  to  $7.00  per  h.  p.,  which  together 
with  cost  of  labor  and  supplies,  must  be  added  to  the  cost  to  be 
paid  for  the  water  power  in  order  to  compare  with  the  cost  of 
steam  power  as  presented  in  the  tables  of  the  writer. 

§  38.  When  power  is  electrically  transmitted,  the  consumer  is 
generally  required  to  pay  for  the  electric  motor,  the  general 
means  of  transmission  therefrom  and  some  incidentals.  The  cost 
of  this  work,  together  with  the  portion  of  the  building  and  even 
of  the  real  estate  occupied  should  be  considered  in  the  same  way 
as  has  been  done  above,  and  at  least  10  per  cent,  of  such  cost,  to- 
gether with  actual  costs  of  labor  and  supplies,  added  to  the  ten- 
dered price  of  net  power  delivered,  in  order  to  compare  the  cost 
of  power  obtained  in  this  way  with  the  cost  of  steam  power 
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shown  in  the  yarions  papers  of  the  writer,  which  are  written  on 
the  basis  that  a  manufacturer  should  receive  a  profit  on  the 
money  expended  in  plant  as  well  as  that  expended  in  his  business. 
If  interest  is  left  out  in  one  case  it  should  be  in  the  other,  and  it 
is  already  included  in  the  tables. 

§  39.  The  last  column  of  the  several  tables,  furnishes  a  ready 
means  of  eliminating  either  of  the  items  of  cost  desired.  For 
instance,  in  Table  III.,  which  is  on  a  10-hour  basis,  we  find  in 
line  4  that  the  ^^  estimated  interest,  taxes  and  cost  of  renewal "  is 
48  per  cent,  of  the  total  cost,  which  cost  to  the  parties  owning  the 
power  is  in  such,  table  $15.17  per  year,  line  6.  The  cost  of 
steam  power  per  h.  p.  per  year  from  large  units  for  10  hours  per 
day,    without  considering  the  above  items,  is  therefore  only 

0.52  X  $15.17  = $7.89 

which  is  the  cost  to  be  compared  with  the  price  of  power  from 
an  external  source  when  the  items  above  referred  to  are  excluded 
in  each  case  as  they  are  in  the  popular  discussion  of  the  subject 
The  similar  cost  from  the  estimate  in  the  Transactions  of  Am- 
erican iNSTrruTE  OF  Eleotrioal  Engineers  above  referred  to 
is  $22.31,  §  34,  less  (3.31  +  7.17)  =  22.31  —  10.48  = . . . .  $1 1.83, 
the  difference  $3.94  being  due  principally  to  the  relative  sizes 
of  the  plants  considered  in  the  two  cases. 


Dr.  Emery  continued: — Anticipating  that  inquiry  will  be 
made  as  to  the  cost  of  power  from  ^Niaj^ra,  at  my  request  Mr. 
Foster  has  been  kind  enough  to  ascertain  the  facts.  The  Cata- 
ract Construction  Company  nave  offered  undeveloped  water  power 
at  this  place  for  $10  per  h.  p.  per  year.  They  have  also  offered 
power  delivered  from  the  top  of  a  shaft  here  for  $13  per  h.  p. 
per  year,  and  power  delivered  at  the  terminals  of  a  dynamo  here 
for  $18  per  h.  p.  per  year.  The  power  is  evidently  intended  to 
be  "  24-hour  power."  For  the  first  case,  the  lessees  must  evi- 
dently construct  their  own  hydraulic  work,  involving  the  tur- 
bines and  wheel-pits  and  hydraulic  connections  from  the  same  to 
the  head  canal  and  the  tail-race  tunnel.  For  the  second  price, 
evidently  the  parties  must  pay  the  entire  cost  of  transmission, 
starting  from  a  vertical  revolving  shaft,  upon  which  may  be 
placed  at  their  expense  a  dynamo  or  ordinary  meelianical  means 
of  transmission.  For  the  third  price  the .  parties  must  pay  the 
cost  of  an  electrical  transmission  starting  with  current  delivered 
at  the  terminals  of  the  dynamo. 


Digitized  by 


Google 


1896.]  EMERT  ON  C081  OF  STEAM  POWER.  371 

Discussion. 

Pbof.  Wm.  a.  Anthony  : — I  would  like  to  say  just  a  word  in 
regard  to  that  last,  in  relation  to  what  they  propose  to  charge  for 
power  here.  As  I  understand  it  that  charge  is  based  upon  the 
maximum  power  that  the  party  proposes  to  use,  which  puts  a 
very  different  aspect  upon  the  case  from  what  it  would  have  if 
it  were  power  delivered  by  the  meter.  I  have  seen  some  of  the 
contracts  that  are  drawn  up  by  the  Cataract  Company,  and  in 
them  they  state  expressly  tnat  the  charge  is  for  the  maximum 
power,  and  the  amount  of  power  is  to  be  occasionally  deter- 
mined by  some  indicating  instrument,  and  if  at  any  time  the 
maximum  power  used  by  tlie  consumer  exceeds  the  power  for 
which  he  has  contracted,  then  a  new  contract  will  be  made  on  the 
basis  of  the  largest  amount  of  power  he  has  used  at  any  one  time 
during  the  previous  term.  Now,  as  Dr.  Crocker  showed  yester- 
day, tne  power  that  a  man  uses  on  an  average  is  not  more  than 
50"per  cent,  at  most,  of  the  maximum  power  that  he  uses.  You 
will  see  that  in  paying  for  200  h.  p.,  for  instance,  at  these  rates, 
he  really  uses  only  about  100  h.  p.;  and  in  comparing  what  he 
would  have  to  pay  the  Cataract  Company  for  his  power,  you 
should  compare  it  on  that  basis  ;  that  is,  he  is  paying  for  200  h. 
p.,  while  if  ne  were  generating  the  power  himself  he  would  count 
100  H.  p.  as  the  average.  I  suppose  that  in  Dr.  Emery'fe  estimate 
of  the  cost  of  power,  it  would  be  the  power  actually  used  that 
would  cost  so  much  per  annum,  and  in  the  case  of  a  man  using 
100  H.  p.  actual,  that  estimate  would  show  what  it  would  cost  him 
if  he  generated  it  for  himself. 

Db.  Crocker  : — It  is  rather  strange,  but  I  was  about  to  bring 
out  a  point  similar  to  that  spoken  of  by  Prof.  Anthony,  only 
looked  at  in  precisely  the  opposite  way.  I  notice  that  Dr.  Emery 
in  the  paper  considers  average  power  and  not  total  power,  that 
is,  he  divides  by  12,760  and  not  by  20,000.  In  other  words,  he 
obtained  the  cost  of  actual  power  delivered,  as  Prof.  Anthony 
has  just  said.  Now,  it  seems  to  me  that  the  ordinary  manufac- 
turer, developing  his  own  power,  does  the  opposite  and  divides  by 
20,000.  In  other  words,  he  divides  by  the  maximum  and  not  by 
the  actual  power  which  he  gets,  and  tnat  is  the  way  the  very  low 
figures  for  the  cost  of  power  generated  in  the  ordinary  factory 
are  obtained,  I  think.  Tlie  manufacturer  knows  in  a  general 
way  the  total  cost  of  his  power,  although  I  think  he  often  leaves 
out  many  items,  and  is  apt  to  consider  that  all  the  cost  of  power 
is  for  coal,  and  he  forgets  incidental  expenses,  repairs,  etc.,  that 
should  be  included,  and  which  put  together  aggregate  a  large 
amount.  But  assuming  that  he  does  know  what  the  total  cost  is, 
I  think  he  usually  divides  by  the  total  capacity  of  his  engine, 
getting  thereby  a  very  low  result  per  h.  p.  In  other  words,  as- 
suming that  he  has  a  100  h.  p.  engine  and  that  it  cost  him  $3,000 
a  year.     Now  he  is  very  apt  to  divide  the  $3,000  by  the  100  h.  p. 
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and  get  the  low  price  of  $30  as  the  cost  per  horse  power  per 
year.  As  a  matter  of  fact  that  engine,  as  Prof.  Antnony  says, 
probably  has  not  been  developing  more  than  60  h.  p.  on  tne 
average  thronghout  the  year.  Therefore  he  shoald  have  divided 
by  50  and  obtained  the  higher  price  of  $60.  1  think  the 
notion  that  power  costs  very  little,  is  due  partly  to  leaving  out 
items  of  expense  which  should  be  included,  but  chiefly  to  divid- 
ing by  the  total  power  of  an  engine,  or  the  nominal  power,  in- 
stead of  by  the  actual  power  developed  throughout  the  year. 
What  Prof.  Anthony  says  would  imply  that  vou  should  add  a 
good  deal  to  the  $18.00  named  in  Dr.  Emery  s  paper  in  order 
to  compare  it  with  the  ordinary  figures.  My  idea  is  that  you 
should  take  the  ordinary  figures,  and  reduce  them  considerably 
before  you  could  compare  it  with  the  $18.00.  It  amounts  to  the 
same  thing,  but  it  is  not  exactly  the  same  idea.  His  remarks 
imply  that  the  ordinary  manufacturer  is  accustomed  to  consider 
the  actual  power  developed,  in  which  T  do  not  fully  agree  with 
him. 

Pbof.  Anthony  : — My  remarks  were  based  upon  two  or  three 
factories  that  I  happened  to  know  of,  where  tne  parties  keep  a 
pretty  good  record  of  the  power  that  they  are  using,  by  indicator 
diagrams  taken  occasionally  along  through  the  year.  They  take 
diagrams  perhaps  every  day,  and  keep  a  sort  o^  average  in  that 
way  of  the  power  that  they  use  during  the  year,  and  divide  by 
that  average  power,  as  indicated  by  those  diagrams.  That  is  the 
way  the  price  has  been  obtained  in  three  or  four  manufacturing 
establishments  of  which  I  happen  to  know. 

The  Secretary: — ^While  lam  not  alto^ther  familiar  with 
the  subject  under  discussion,  there  is  one  thmg  that  occurs  to  ine 
in  connection  with  our  various  publications  in  the  Transactions, 
and  that  is  that  there  has  never  been  any  reference  to  the  use  of 
mechanical  stokers.  In  talking  with  some  of  the  European  en- 
gineers, I  have  been  told  that  they  are  quite  commonly  used  over 
there ;  but  so  far  as  I  know  there  has  never  been  any  reference 
to  the  advantage  or  the  disadvantage  of  using  them,  or  as  to  their 
practicability  in  this  work,  where  the  tendency  is  toward  the 
greatest  economy ;  and  it  appears  to  me  that  on  this  occasion  it 
might  be  well  to  make  some  reference  to  that  in  connection  with 
this  paper  by  some  of  the  gentlemen  who  are  familiar  with  the 
subject. 

Mr.  Oberlin  Smith: — I  want  to  ask  the  question  whether 
the  price  which  is  mentioned  for  power  from  the  Cataract  Com- 
pany is  based  on  a  minimum  of  20,000  h.  p.,  or  whether  they  will 
sell  smaller  quantities  at  those  same  rates ;  because,  if  they  will, 
the  comparison  would  not  be  fair  with  a  20,000  h.  p.  steam  en- 
gine. A  small  unit  of  steam  power,  say  1,000  or  2,000,  would, 
of  course,  cost  considerably  higher  than  Dr.  Emery's  estimate  for 
20,000 ;  so  that  we  ought  to  know,  in  discussing  this  compara- 
tive power  of  water  and  steam,  whether  we  are  talking  about  the 
same  sized  unit. 
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Db.  Emeby  : — It  seems  necessary  to  answer  the  questioBB  so 
far  raised  at  once.  The  paper  under  discnssion  refers  to  my 
previoae  Institute  paper  on  tne  same  sabject  which  was  based  on 
500  H.  p.  units.  Questions  as  to  the  cost  of  the  power  with 
smaller  units,  or  in  endues  of  different  kinds  are  not  raised  in  the 
present  paper,  but  anticipating  that  they  would  be  in  the  discus- 
sion, I  have  ascertained  that,  asing  500  h.  p.  units  operated  10 
hours  per  day  on  workinff  days,  for  coal  at  $2.24  per  ton,  deliv- 
ered in  front  of  the  boilers  as  in  the  present  paper,  but  with 
other  conditions  the  same  as  in  the  former  paper,  tne  cost  of 
8team  power  would  be  approximately  as  follows : 

Non-condensing  engine $29.90  per  h.  p.  per  year. 

Condensing  engine 23.81     "      "      •'*     " 

Compound  en^ne 22.86    *'      "      "     " 

Triple  compound  engine  . .  . « 22.31     "       "       "     " 

The  last  price  is  tho  only  one  stated  in  the  present  paper  and 
is  in  section  34  compared  with  the  corresponding  cost  with  large 
units,  viz :  $18.77  per  h.  p.  per  year  (line  7,  Table  III.,)  the  dif- 
ference, $3.54  per  h.  p.,  corresponding  to  a  saving  of  15.87  per 
cent,  by  generating  the  power  on  the  larger  scale.  It  will  be 
recollected  that  in  the  former  paper,  by  assuming  different  prices 
for  the  different  engines,  the  increase  of  the  interest  practically 
balanced  the  saving  in  coal,  so  that  there  was  very  little  difference 
between  the  better  classes  of  engines  of  different  kinds  when  all 
the  costs  were  considered.  The  final  results  have  proven  to  be 
remarkably  near  those  that  have  been  obtained  in  actual  practice 
by  others  who  have  communicated  with  me.  In  that  paper  the 
extensions  were  not  made  on  the  basis  of  the  best  expenmental 
results,  but  allowances  were  included  which  augmented  the  costn 
so  as  t«>  approximate  actual  practical  conditions.  In  the  present 
paper  the  extensions  were  made  on  the  basis  of  the  lowest  quan- 
tities derived  from  experiment,  which  it  is  considered  can  be  re- 
peated in  practice  under  careful  management. 

Me.  Obeklin  Smith: — Can  you  tell  me  what  the  smallest 
amount  of  power  is  that  the  Cataract  Company  will  furnish  at 
the  prices  that  were  mentioned  ? 

De.  Emeey: — I  do  not  know.  I  anticipated  that  general 
questions  as  to  the  cost  of  power  here  would  arise  and  was  there- 
fore prepared  to  answer  them.  There  are  gentlemen  connected 
with  the  company  here  who  may  be  happy  to  give  details  of  the 
kind  requested. 

Me.  Smith  : — In  order  to  have  a  definite  unit  of  a  smaller  size 
1  will  ask  the  gentlemen  directly,  what  they  would  charge  for 
1,000  H.  p. — about  what  increase  over  the  figures  given  in  this 
paper?  I  will  ask  what  per  cent,  will  have  to  be  added  if  they 
take  on  a  basis  of  1,000  instead  of  20,000 ;  that  is,  roughly  speak- 
ing how  much  more  would  it  cost  ? 

De.  £muey  : — For  steam  power,  comparing  the  prices  in  the 
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present  and  former  papers,  the  difference  is  only  $3.54  per  h.  p. 
For  engines  of  different  kinds,  the  difference  will  be  increased  by 
amounts  corresponding  to  the  increase  of  yearly  cost  which  I 
have  already  read.  As  the  discussion  appears  to  drift  toward 
general  questions  instead  of  being  confined  to  the  special  one 
considered  in  the  paper,  I  will  write  the  costs  of  power  for  en- 
gines of  different  tinds  on  the  blackboard  with  the  permission  of 
the  President. 

Mb.  Smtth  : — In  the  meanwhile,  will  any  one  in  the  room  say 
whether  the  Cataract  Company  proposes  to  furnish  at  the  price 
mentioned  as  small  a  quantity  as  1,000  h.  p.,  or,  if  not,  about 
how  much  more  it  would  cost  in  that  small  quantity  ? 

Mb.  Joseph  Wetzleb  : — I  believe  the  Carborundum  Company 
has  closed  a  contract  for  1,000  h.  p.  to  begin  with. 

Mb.  Peteb  Wbioht  : — The  Carborundum  Company .  pays 
$20,000,  I  understand,  and  the  prices  quoted,  $10,  $13  and  $18, 
are  for  a  minimum  of  10,000  h.  p.  That  is  my  recollection  from 
an  article  in  the  Electrical  World  a  few  months  ago. 

Mb.  Smith  : — Then  on  this  1,000  h.  p.  they  pay  about  $20  in- 
stead of  $18,  which  they  would  have  to  pay  for  a  larger  amount, 
is  that  the  idea  ? 

Mb.  Wbight  : — That  is  my  understanding. 

Mb.  Smith  : — Then  we  appear  to  be  working  on  a  basis  in  tliis 
locality  of  1,000  h.  p.  at  $20.  That  is,  delivered  at  the  Cataract 
Company's  house,  is  it  not,  at  the  dynamo  terminals  ?  Now  we 
have  something  to  compare  with  steam  power,  when  we  find  out 
what  that  will  cost  here  in  units  of  1,000  h.  p. 

Mb.  Wbight  : — In  looking  over  these  figures  of  Dr.  Emery's, 
I  am  a  little  surprised  that  there  is  no  provision  made  for  depre- 
ciation. I  suppose  that  Dr.  Emery  did  not  overlook  that,  but  I 
am  a  little  surprised  that  no  provision  is  made.  I  have  made  a 
simple  calculation  here,  allowing  for  depreciation  four  per  cent, 
on  a  plant  costing  practically  a  million  and  a  half.  The  added 
cost  would  be  $2.88  per  h.  p.  per  annum,  and  I  would  like  to  ask 
Dr.  Emery  why  that  amount  is  not  fair  to  be  added.  It  seems 
to  me  that  in  an  undertaking  of  this  magnitude  it  would  be  only 
wise  business  policy,  to  say  the  least,  to  make  some  provision  for 
depreciation,  and  lOur  per  cent,  allowance  would  be  about  right, 
I  think. 

Db.  Ebceby  : — This  discussion  is  covering  so  large  a  field  that 
with  your  permission,  Mr.  President,  I  will  answer  these  ques- 
tions as  they  arise.  The  depreciation  is  already  considered  in 
the  tables  given  in  the  paper,  but  under  a  different  name ;  it  is 
called  "  cost  of  renewal."  There  are  two  ways  of  treating  the 
matter.  One  is  to  depreciate  the  property  on  the  books  every 
yefir,  and  the  other  is  to  consider  that  a  certain  amount  is  with- 
drawn from  profits  and  put  at  interest  in  a  sinking  fund  to  renew 
the  plant  at  the  end  of  a  definite  period.     If  we  depreciate  four 
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per  cent,  of  the  original  cost  yearly,  ench  cost  will  be  wiped  out 
entirely  in  25  years.  If  the  depreciation  is  four  per  cent,  of  the 
cost  shown  on.  the  books  for  the  previous  year,  the  reduction  will 
be  much  slower.  If,  however,  four  per  cent,  of  the  ori^nal  cost  be 
put  at  interest  yearly,  the  resulting  sinking  fund  wfll  equal  the 
original  cost  in  15^  years.  It  will  be  seen,  therefore,  tnat  the 
method  adopted  makes  a  great  difference.  It  is  not  necessary  to 
deposit  four  per  cent,  of  original  cost  yearly  for  renewals ;  three 
per  cent,  is  ample  even  under  modern  conditions,  where  plants 
are  changed  constantly  on  account  of  new  conditions,  or  cliange 
of  business,  since  at  six  per  cent,  it  corresponds  to  renewal  in  1§ J 
years,  and  at  iive  per  cent,  in  Id^  years. 

Mr.  Obeblin  Smith  : — The  cost  given  for  the  triple  compound 
en^ne  is,  I  presume,  for  a  1,U00  unit? 

Dr.  Emery  : — It  was  500  h.  p.  or  multiples  of  that  sum,  and 
does  not  cliange  very  much,  so  that  that  is  near  enough  for  your 
calculation. 

Mr.  Smith  : — $22.31  then,  covers  everything?  That  is,  it  buys 
coal  here  and  pays  interest,  depreciation,  incidental  expenses  and 
everything  else,  so  they  could  actually  farm  out  this  power  at 
$22.31  if  they  had  that  given  engine 

Dr.  Emert  : — I  will  ask  you  to  yield  one  second,  if  you  please. 
That  is  on  a  10-hour  basis.  I  intended  to  mention  that.  It 
is  a  very  important  consideration.  As  you  will  see,  those  prices 
are  not  as  high  as  they  would  be,  on  a  basis  of  24  hours,  but  most 
of  our  power  is  run  lor  10  hours,  and  the  figures  given  above 
are  on  that  basis. 

Mr.  Smith  : — Assuming  that  a  concern  could  only  run  10  hours, 
as  most  factories  can  placed  here, — assuming  that  they  are  a  little 
way  off  from  the  terminals  of  the  dynamos  where  the  loss  on  the 
line  would  only  be  small,  that  they  nave  got  to  put  in  the  trans- 
formers at  their  own  expense  and  get  the  power  in  shape  to  use, 
the  price  would  be  about  $20.00 ;  so  that  on  the  10-nour  basis 
it  would  seem  as  if  it  cost  the  same  here  on  a  1,000  h.  p.  unit 
to  buy  this  water  power  from  the  Cataract  Company,  or  to  have 
the  steam  power.  But  on  the  large  unit,  tne  water  power 
would  very  likely  be  somewhat  cheaper,  the  electric  water  power, 
or  whatever  you  call  it ;  therefore,  on  a  24  or  a  15-hour  basis, 
should  a  factory  want  to  run  that  long  in  a  day,  the  water  would 
seem  to  be  the  cheaper,  because  you  have  to  pay  just  as  much 
for  10  hours  water  as  you  do  for  24,  as  I  understand  it. 

Dr.  Emert  : — It  seems  necessary  to  recall  attention  to  the  fact 
that  if  power  be  furnished  a  manufacturer  at  the  terminal  of  a 
dynamo,  he  must  run  his  own  line  to  the  motor,  put  in  the  motor 
and  connect  it  at  his  own  expense  in  a  building  belonging  to 
himself,  and  then  put  a  man  in  charge  of  it.  The  motor,  with  a 
mere  local  line  ana  other  work  required  will  cost,  say,  $80.00  per 
H.  p.,  which  at  10  per  cent,  makes  $3.00  a  year  fixed  expenses. 
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The  man's  time  cannot  be  neglected,  so  on  this  basis  $3.00  per  h.  p. 
per  year,  plus  the  whole  or  a  portion  of  the  man's  time  must  be 
added  to  tne  cost  of  power  delivered  electrically  in  order  to  com- 
pere the  same  with  the  cost  of  steam  power  as  ffiven  in  this  paper. 
This  ifi  not  all,  for  if  the  power  is  sold  at  electrical  terminals, 
miles  awaj-,  interest  on  the  cost  of  the  main  transmission  line  and 
a  charge  jot  transmission  losses  mnst  also  be  added. 

Mb.  Smith  : — I  should  say  that  that  is  a  very  high  estimate  ;  to 
add  half,  making  it  $30.00  instead  of  $20  per  year — so  simple  a 
machine  as  a  motor  is,  and  so  little  attention  as  it  requires  and 
80  small  as  the  repairs  are. 

De.  Crocker: — I  think  that  Dr.  Emery's  last  statement  is 
not  exactljr  fair  to  the  electrical  system.  The  object  of  my  paper 
this  morning  was,  to  show  that  given  a  steam  engme  in  a  factory, 
the  cheapest  and  best  way  to  get  that  power  to  the  machines  was 
to  put  ill  a  dynamo,  conductors  and  motor.  Consequently  we 
have  to  compare  the  steam  engine  in  the  man's  factory  with  the 
electrical  power  in  the  Niagara  power  house.  That,  as  I  under- 
stand it,  is  the  true  comparison.  Now  the  question  is, — How 
shall  we  get  that  power  to  the  machine  tools  in  the  two  cases? 
That  is  too  difficult  a  problem  to  go  into  here,  but  it  was  certainly 
the  object  of  my  paper,  and,  so  far  as  1  have  heard,  there  were  no 
exceptions  taken  to  the  general  conclusion  that  the  best  way  to 
get  the  power  to  the  machine  tools  was  to  turn  it  into  electricity 
and  turn  it  back  again  into  mechanical  power ;  and  in  this  par- 
ticular case  we  have  an  advantage  over  the  ease  considered  by 
me,  because  in  the  latter  we  have  to  supply  a  dynamo  also.  Here 
we  have  the  electrical  energy  given  to  us,  and  we  would  simply 
have  to  supply  the  line  wires  and  motor,  the  factory  presumably 
being  located  •near  to  the  power  house,  or  at  a  reasonable  distance, 
for  2,000  volts  pressure.  It  would  probably  be  necessary  to  in- 
troduce step-down  transformers,  as  we  would  not  be  likely  to  use 
2,000  volts  in  the  motors  at  tlie  factory.  But  that  item  of  ex- 
pense would  not  be  large.  1  do  not  think  it  is  fair  to  consider 
that  the  simple  steam  engine  cost  is  the  total  cost  of  the  power 
for  driving  factories.  The  system  of  distribution  must  oe  in- 
cluded. 

Dr.  Emery  : — ^These  tables  are  not  yet  fully  understood.  The 
statements  made  by  Dr.  Crocker  are  not  disputed,  but  the  in- 
terest on  the  cost  of  the  steam  engine  is  already  in  the  price 
given  for  steam  power;  10  per  cent,  of  the  original  cost  being 
added  in  line  4  of  each  table  for  interest,  insurance,  taxes  and 
cost  of  renewal.  Therefore,  there  must  be  added  to  the  price 
that  is  charged  for  water  power  10  per  cent,  of  what  it  costs  to 
utilize  it.  If  the  electric  current  is  received  from  a  local  com- 
pany, it  may,  as  stated,  possibly  be  utilized  for  a  local  outlay  of 
$30.00  per  h.  p.,  when  $3.00  per  h.  p.  per  year  should  be  added 
to  the  price  of  the  power  and  more  or  less,  as  the  cost  is  greater 
or  less,  and  to  this  should  be  added  the  cost  of  labor  as  explained, 
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ako  the  cost  of  repairs  and'supplies,  which  I  omitted  to  mention  a 
moment  ago,  though  considered  in  the  tables.  If,  however,  the 
price  for  power  is  hxed  at,  say,  $18.00  at  electrical  terminals  miles 
away  from  the  city  where  the  power  is  to  be  utilized,  the  cost  of 
a  ^neral  electric  transmission  must  also  be  considered,  and  as 
this  would  be  too  great  to  be  undertaken  by  small  consumers,  it 
must  necessarily  be  constructed  by  a  company  which  must  add 
its  own  interest,  repairs,  maintenance  and  pront,  thus  increasing 
the  cost  to  the  consumer  correspondingly. 

Mr.  Smith  : — I  think,  Mr.  President,  we  are  trying  to  compare 
entirely  different  things  which  depend  upon  how  you  look  at 
them.  Now  if  we  assume,  with  Dr.  Crocker,  that  we  are  going 
to  run  a  factory  or  a  shop  with  motors  all  over  it,  as  in  all  prob- 
ability will  often  be  the  case  in  the  future,  then  the  electric 
power  will  have  the  advantage,  because,  as  he  says.  Dr.  Emery 
will  have  to  add  his  dynamo,  short  line  wires  and  the  motors  in 
with  his  steam  plant.  But  if  the  calculation  is  based  rather  upon 
the  old-fashioned  way  of  running,  with  a  lot  of  shafting  and 
belts  all  over  the  mill,  in  such  case  Dr.  Emery  would  be  right. 
So  before  we  know  which  is  right  we  must  know  which  system 
we  are  going  to  run  the  mill  on.  As  a  practical  matter  this 
power  delivered  here  in  factories  will  in  some  cases  be  used  elec- 
trically, like  it  is  in  the  Reduction  Works,  where  they  do  not 
want  any  rotary  motion  ;  but  where  it  is  wanted  as  rotary  motion 
there  is  no  doubt,  in  this  electrical  age,  that  much  of  the  ma- 
chinery would  be  run,  individually  or  in  gi'oups,  by  motors,  and 
therefore  we  would  have  to  have  them  anyway  in  addition  to  the 
steam  engine ;  so  it  still  gives  some  advantage  to  electric  power. 
The  calculation  I  made  roughly  just  now,  bringing  them  about 
equal  for  a  10-hour  day,  only  allowed  the  cost  of  the  short  line, 
which  would  not  be  much  (and  the  loss  in  it  would  not  be  much), 
and  the  cost  of  the  transformers  to  get  the  big  voltage  down,  but 
I  did  not  allow  for  the  motors  scattered  around  the  factory,  and 
it  is  verv  proper  to  leave  them  out,  because  in  a  modem  system 
we  would  have  to  have  them  anyhow,  even  with  a  steam  engine. 

Mb.  Lewis  B.  Stillwell: — 1  should  like  to  ask  Dr.  Emery 
a  question  in  regard  to  the  estimate  on  page  365,  Table  II 
in  which  the  "  cost  of  steam  power  per  h.  p.  per  year  on  basis  of 
"  delivering  20,000  h.  p.  maximum  and  an  average  of  12,700  h.  p. 
"  for  every  day  in  the  year  "  is  calculated  to  be  $33.14.  Is  there 
any  allowance  in  that  for  the  cost  of  attendance  upon  and  main- 
tenance of  electrical  machinery,  which  would  be  necessary  to  put 
such  a  plant  upon  a  fair  basis  of  comparison  with  the  plant  of  the 
Cataract  Construction  Co.  here  at  Niagara  Falls,  for  example  ? 

Db.  Emery  : — There  is  no  such  estimate  as  that,  Mr.  Presi- 
dent. There  is  an  estimate  for  the  cost  of  an  engine  to  make  the 
wheels  go  around  which  is  to  be  compared  with  that  of  an  elec- 
tric motor  to  make  the  wheels  ^o  around.  If,  as  it  has  been 
urged  here,  the  cost  of  a  motor  is  not  to  be  charged  in  one  case 
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then  the  cost  of  an  engine  should  not  be  charged  in  the  other, 
and  in  the  case  previously  referred  to  it  is  necessary  to  make  the 
comparison  as  in  §  39,  not  with  steam  power  at  $22.31,  but  with 
such  power  at  $11.38.  We  start  in  both  cases  with  a  shaft  in 
revolution  either  with  a  steam  engine  or  with  power  electrically 
transmitted. 

Mk.  Stillwell  : — That  replies  to  my  question,  and  states  the 

S>int  to  which  I  wish  to  call  attention.  In  the  paper  which  Dr. 
mery  read  a  year  or  two  ago,  I  think  the  estimate  of  the  cost 
of  steam  power  was  based  upon  the  assumption  that  we  were  to 
drive  a  line  shaft,  and  apply  to  that  line  shaft  500  h.  p.  It 
ought  to  be  noted  that  when  this  is  taken  as  the  basis  of  com- 
parison we  should  compare  the  cost  of  the  hydraulic  machinery 
m  the  electric-hydraulic  plant,  and  stop  at  the  end  of  the  hy- 
draulic machinery.  It  is  not  fair  to  the  electric-hydraulic  plant 
to  take  the  500  h.  p.  unit  from  the  engine  on  the  engine  sliaft, 
or  a  20,000  h.  p.  unit  on  the  line  shaft,  and  compare  this  with 
electric  power  delivered  at  the  terminals  of  a  generator.  Dr. 
Emery  explains  that  the  20,000  h.  p.  is  meant  to  make  the  wheels 
go  around — the  ordinary  wheels  which  we  have  in  factories  and 
mills.  It  seems  to  me  it  ought  to  be  brought  out  clearly  that,  in 
order  to  make  this  comparison  exactly  fair, we  should  add  to  the  cost 
of  the  steam  power,  as  we^culate  it,  the  additional  cost  represent- 
ing the  interest  on  the  investment  in  the  electric  generators,  and 
attendance,  depreciation,  and  other  charges  properly  chargeable 
against  the  electric  plant.  In  order  to  bring  the  20,000  h.  p. 
steam  plant  to  a  basis  fairly  comparable  with  the  electric  plant 
in  the  power  house  of  the  Cataract  Construction  Company  to-day 
you  would  have  to  purchase  generators.  You  cannot  take 
20,000  H.  p.  on  a  shaft  and  compare  it  with  20,000  h.  p.  at  the 
terminals  of  a  generator,  ready  to  be  transmitted  and  distributed. 
Mb.  B.  J.  Arnold: — The  point  brought  out  by  the  last 
speaker,  I  think,  is  a  very  essential  distinction.  The  actual  work 
we  have  to  do  with  power  in  large  cities  is  such  that  it  is  neces- 
sarily divided  into  small  i^uantities  or  units.  We  have  very  few 
power  users  who  will  require  power  in  1,000  h.  p.  units,  so  that  the 
real  comparison  to  be  made  is  between  the  cost  of  power  delivered 
at  the  work  by  the  transmission  plant  in,  say,  100  h.  p.  units,  or 
even  less,  and  the  cost  of  power  in  similar  quantities  produced  by 
steam.  Now  power  ia  these  quantities  costs  in  our  best  steam  plants 
to-day  about  one  cent  per  h.  p.  hour  delivered  on  the  engine 
shaft.  Reducing  this  to  its  equivalent  in  electrical  energy,  we 
get  a  kilowatt  hour  on  the  switchboard  ready  for  distribution  to 
our  small  motors  for  about  one  and  one-third  cents  in  the  larger 

flanis  and  not  over  one  and  three-quarter  cents  in  the  smaller  ones, 
t  seems  then  that  if  we  can  buy  power  produced  by  this  trans- 
mission plant  delivered  at  the  terminals  of  the  small  motors  in 
our  individual  factory  machines  for  less  than  one  and  one-third 
cents  per  kilowatt  hour,  that  it  would  pay  us  to  buy  it.    Unless 
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we  can  do  this,  we  can  pat  in  a  steam  plant  and  operate  our  fac- 
tories cheaper  bj  steam. 

One  point  brought  out  by  Dr.  Emery's  paper  is  the  necessity 
of  operating  large  steam  units  if  we  are  gomg  to  put  in  a  central 
station  to  distribute  power.  The  cost  of  labor  is  reduced  very 
largely,  as  the  size  of  the  unit  increases.  He  has  mentioned  the 
fact  that  it  would  be  desirable  to  connect  one  or  more  units  in 
some  manner  so  that  a  large  steam  engine  might  operate  a  num- 
ber of  electrical  units.  I  think  this  is  very  desirable,  and  if  the 
shafting  could  be  eliminated,  it  would  reduce  the  cost  of  labor  to 

Erobably  20  per  cent,  in  a  5,000  h.  p.  station  over  what  it  would 
B  if  we  had  a  large  number  of  small  steam  engines  to  operate. 
Another  thing  which  I  understand  from  the  contracts  that  the 
Cataract  Construction  Company  are  making  with  consumers  is, 
that  they  require  the  consumer  to  contract  and  pay  for  a  certain 
amount  of  power,  and  not  to  exceed  that  quantity.  This  has 
been  found  very  objectionable  in  city  practice.  In  other  words, 
if  the  consumer  exceeds  for  a  short  time  the  total  amount  of 
power  his  contract  calls  for,  he  is  violating  his  contract  and  is 
compelled  to  make  a  new  contract  covering  uie  increased  amount, 
even  though  he  does  not  expect  to  use  it.  The  power  should 
be  put  upon  a  meter  basis,  or  upon  some  dynamometer  basis,  so 
that  he  would  pay  for  the  actual  power  used.  I  think  any  power 
user  will  concede  this,  but  the  diificulty  is  to  get  the  power  com- 
panies to  execute  a  contract  on  this  basis. 

As  to  the  question  of  mechanical  stokers,  which  was  mentioned 
by  the  Secretary.  I  have  had  more  or  less  to  do  with  this  class 
01  work,  and  wnile  I  find  most  of  the  mechanical  stoker  and 
patent  furnace  companies  willing  to  guarantee  to  evaporate  1,000 
pounds  of  water  for  from  11  to  13  cents,  by  the  use  of  bitumin- 
ous slack  coal,  which  is  about  eight  cents  less  than  the  ordinary 
boilers  evaporate  water  for,  when  using  bitumious  run-of-mine 
coal,  I  find  that  the  cost  of  maintaining  these  stokers  and  their 
appurtenances  almost  equals  the  saving  in  fuel  in  small  plants, 
so  that  there  is  but  very  little  object  in  using  them,  except  in 
the  large  power  stations  where,  owing  to  the  great  distance  that 
the  coal  has  to  be  handled,  mechanical  coal  conveying  plants  can 
be  put  in,  which  will  deliver  the  fuel  directly  into  the  stokers, 
thereby  effecting  a  large  saving  in  labor  and  making  the  stokers 
more  economical  and  desirable  than  hand  firing. 

Mk.  Hakry  Alexandeb  : — Mr.  Stillwell  touched  upon  a  point 
that  until  then  I  was  totally  at  sea  about.  If,  as  i)r.  Emerv 
mentions,  the  power  is  to  be  rented  at  the  wheels,  how,  in  small 
parcels,  is  this  power  going  to  be  transmitted  ?  If  it  has  to  be 
transmitted  to  venerators,  and  from  those  on  to  motors,  includ- 
ing the  line  ana  the  motors  as  well,  I  do  not  think  it  a  fair  com- 
parisDn  at  all.  If  the  Cataract  Construction  Company  is  willing 
to  rent  at  $10  per  h.  p.  at  the  dynamo  terminals,  and,  as  Dr. 
Emery  mentions,  for  $11.83  per  h.  p.  where  the  wheels  turn 
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around,  the  advantage  lies  immediately,  as  far  as  the  price  per 
H.  p.  is  concerned,  with  the  electric  power.  That  is,  you  have 
only  to  construct  your  line,  furnish  your  transformers  and  your 
motor,  whereas  in  small  parcels  with  steam  transmission  you 
would  have  to  hitch  on  to  the  line  in  whatever  manner  suggested 
itself,  which  would  include  belting  to  the  mechanical  shafting 
and  the  dynamo,  etc.  This  dynamo  naturally  would  have  to  be 
placed  at  the  power  house.  Now  the  question  arises, — Is  there 
room  for  that?  If  there  is  room,  has  that  room  been  figured  on? 
The  matter  that  I  was  at  sea  upon  was,  how  that  power  was  to 
be  transmitted,  and  if  it  was  to  be  transmitted  by  mechanical 
power,  as  I  thought,  why  then  this  question  arises  of  belting  to  the 
shafting  and  the  dynamo  and  the  room  for  the  dynamo  and  the 
increase  in  the  size  of  the  building,  etc.  The  cost  of  that  has,  I 
think,  been  left  out  of  Dr.  Emery^s  calculations. 

Db.  Emert  : — Again  I  have  to  make  an  explanation,  as  the 
discussion  has  drifted  to  questions  not  raised  in  the  paper.  I 
have  many  times  been  asked  to  work  out  the  theoretical  cost  of 
steam  power  derived  from  large  units.  I  anticipated  that  ques- 
tions would  arise  in  the  dis3U88ion  as  to  smaller  units  of  power, 
and  have  therefore  placed  upon  the  blackboard  some  results 
taken  from  the  former  paper,  but  the  units  even  in  that  case  are 
too  large  to  cover  some  of  the  ground  discussed  here.  Mr. 
Arnold  lias  hit  the  nail  closely  on  the  head  by  the  statement  that 
in  ordinary  practice  a  horse-power  hour  costs  about  one  cent. 
That  rate  for  a  year  of  3,090  hours  would  make  $30.90  a  year, 
and  looking  at  the  figures  on  the  blackboard  we  find  that  the 
price  given  for  non-condensing  engines  in  my  previous  paper  is 
$29.90  per  year  for  500  h.  p.  engines,  which  is  too  low  for  small 
engines  and  conservative  for  large  ones  This  is  a  little  less  than 
one  cent  per  h.  p.  per  hour,  and  for  more  economical  engines  the 
cost  would  be  a  little  less  than  -^  of  a  cent.  All  the  expenses 
incident  to  75  h.  p.  developed  in  a  non-condensing  engine  ought 
to  be  obtained  for  1 J^  cents  per  h.  p.  per  hour,  and  this  cost  would 
run  down  to  ^  of  a  cent  with  larger  powers  and  better  engines. 

We  are  now  prepared  to  discuss  the  general  question :  For 
what  price  can  be  installed  and  operated  a  steam  engine  for  an 
establishment  requiring  75  h.  p.  and  upward,  and  what  is  the 
yearly  cost  of  such  power  in  comparison  with  power  derived  from 
electrical  transmission  i  As  stated,  the  cost  of  steam  power  in 
plants  not  smaller  than  stated  would  vary  from  1 J  down  to  -^ 
cent  per  h.  p.  per  hour,  which  includes  everything  required  to 
make  the  shaft  revolve.  If  lights  are  required  in  the  building, 
a  dynamo  must  be  used,  but  ordinarily  only  for  that  purpose. 
For  power  delivered  electrically,  as  Mr.  Arnold  has  very  clearly 
stated,  such  power  must  be  transmitted  from  the  dynamo  here, 
for  instance,  to  the  point  at  which  it  is  to  be  used,  in  Buffalo  or 
elsewhere,  and  in  general  sent  out  again  to  a  motor  in  an  estab- 
lishment where  the  power  is  to  be  used,  and  the  net  power  must 
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be  delivered  for  \\  cents  per  kilowatt  hour  in  order  to  compete 
with  steam  for  power.  Tne  more  exact  figures  given  above  are 
equivalent  to  If  cents  for  kilowatt  per  hoar  for  the  higher  limit, 
and  this  price  falls  to  l^V  cents  for  better  engines  available  from 
100  H.  p.  and  upward.  For  lighting  and  power  in  small  quanti- 
ties, more  may  be  charged,  say  about  2  cents.  The  greater  con- 
venience of  power  derived  from  electricity  would  give  some  ad- 
vantage, but  the  cost  must  be  balanced  in  the  way  I  have  already 
several  times  pointed  out.  I  think  I  have  made  the  matter  clear, 
but  will  be  happy  to  go  over  it  again  if  desired. 

Mr.  Alexander  : — I  would  like  to  put  this  question  to  Dr. 
Emery :  In  what  manner  is  it  proposed,  even  for  short  or  long 
distances,  to  transmit  this  mechanical  power  for  industrial  atid 
manufacturing  uses  ?  This  is  a  point  I  do  not  as  yet  fully  under- 
stand. 

Dr.  Emery  : — I  propose  to  erect  a  steam  engine  and  boiler 
directly  in  the  building  where  the  power  is  required. 

Mr.  Alexander: — Then  the  idea  of  comparison  is  only  to 
large  units,  not  units  of  1,000  h.  p.? 

Dr.  Eherv  : — The  paper  refers  to  large  units,  but  small  ones 
are  now  being  discussed.  The  question  is,  whether  we  shall  put 
in  steam  plants  where  the  work  is  to  be  done,  or  an  electric  plant 
to  utilize  electric  current  transmitted  through  a  wire. 

Mr  Oberltn  Smith: — ^We  all,  I  think,  have  a  great  deal  of 
confidence  in  Dr.  Emery's  calculations  on  steam  power,  and  I 
should  freely  accept  them  rather  than  work  them  out  myself.  I 
have  no  criticism  to  make  on  the  paper  itself  whatever,  but  in 
making  this  comparison,  the  question  arises, — are  we  right  in 
comparing  so  large  a  unit  as  20,000  h.  p.  ? — because  if  we  get 
this  great  plant  Dr.  Emery  has  considered,  we  have  the  wheel 
going  around,  but  who  of  us  here  knows  what  to  Ho  with  a  re- 
volving  shaft  that  has  20,000  h.  p.  stored  in  it  ?  How  are  we  go- 
ing to  distribute  it  for  ordinary  operations?  How  many  belts, 
pulleys,  shafts  and  journals  are  required  to  distribute  it  and  divide 
it  up,  as  Mr.  Arnold  speaks  of?  For  ordinary  purposes,  outside 
of  driving  a  city  full  of  cars,  or  something  of  that  kind,  we  want 
this  power  split  up,  and  we  have  to  allow  for  the  expense  of  get- 
ting a  steam  power  mechanically  and  distributing  it  among  our 
shafts  and  belts.  And  then  it  is  not  the  question  of  starting  a 
gnat  plant  here  to  rent  out  power  generated  by  steam.  We 
would  have  to  have  special  means  of  transmission  to  neigh- 
boring factories  to  get  rid  of  20,000  n.  p. — cables,  very  long 
shafts,  or  someting  of  the  sort,  and  here  is  where  the  electric 
power  seems  to  have  the  greatest  advantage,  as  it  has  an  infinite 
capacity  for  being  divided  up  as  much  as  we  choose.  When  we 
have  20,000  h.  p.  at  the  terminal  of  the  generators,  we  can  run 
an  ordinary  wire,  or  cable  of  wires  out,  with  hardly  any  expense 
for  short  distances,  and  divide  them  up  in  as  many  branches  as 
we  like;  so  that  really,  after  all,  this  discussion  ought  to  have 
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taken  place  on  a  much  smaller  nnit,  on  perhaps  100  h.  p.,  as  the 
factories  in  question  would,  under  ordinary  circumstances,  natur- 
ally, have  their  own  ens^ines,  one  500,  another  100,  another  50, 
and  so  on.  We  ought,  therefore,  to  take  a  small  unit  for  com- 
parison, thus  bringing  the  steam  power  expense  higher.  And 
then  the  question  comes  up, — how  is  the  power  going  to  be 
used  in  the  factory?  If,  as  1  said  before,  wie  want  snafting  and 
*  belting  and  the  old-fashioned  methods  generally,  then  steam  may 
be  nearly  as  cheap ;  but  if  we  want  the  new-fashioned  method  of 
having  motors,  then  we  would  have  to  have  them  with  the  steam 
engine,  and  the  electrical  power  seems  to  have  the  advantage.  I 
suppose  the  fact  is  that  the  Cataract  people  will  really  put  this 
price  that  we  are  talking  about  just  a  little  lower  than  steam,  so 
as  to  tempt  people  to  come.  It  does  not  need  to  be  a  great  deal 
lower,  naturally,  as  a  merely  commercial  matter  which  regulates 
itself. 

Mr.  Stillwell  : — It  seems  to  me  that  Dr.  Emery  has  given  us 
all  we  can  ask  in  the  way  of  estimates  on  the  cost  of  steam  power, 
and  has  now  stated  clearly  what  is  intended  by  his  estimates.  The 
discussion  has  rather  drifted  away  from  the  paper.  His  paper 
last  year  made  an  estimate  of  tfie  cost  of  steam  power  on  the 
shaft  in  units  of  500  h.  p.  That  is  a  valuable  estimate.  I  am 
sure  that  electrical  engineers  and  others  who  have  had  occasion 
to  figure  on  the  cost  of  power  have  used  it  many  times ;  but  in 
using  it,  some  care  has  to  be  taken  to  be  sure  that  we  are  making 
the  proper  kind  of  comparison.  If  we  take  the  500  h.  p.  delivered 
to  a  shaft  in  BuflFalo,  we  should  obviously  in  making  the  compar- 
ison take  care  to  include  every  item  in  the  cost  of  a  nydraulic  and 
electric  plant  necessary  to  deliver  at  a  line  shaft  located  in  Buffalo 
the  same  amount  of  power.  Now  the  paper  to-night  makes  a 
calculation  of  the  cost  of  a  steam  plant  to  develop  20,000  h.  p. 
This  is  more  than  we  have  occasion  to  use  in  one  unit,  except  in 
the  central  station.  All  that  we  have  to  do  in  using  that  calcu- 
lation as  a  basis  of  comparison  with  the  cost  of  hydraulic  and 
electric  transmission  is  to  be  sure  that  we  compare  with  it  only 
the  cost  of  the  hydraulic  machinery  ready  to  deliver  to  the  elec- 
trical machinery,  or  any  other  machinery,  20,000  ii.  p.  I  am  sure 
that  Dr.  Emery's  calculations  have  been  very  valuable  and  useful. 
The  results  may  or  may  not  be  realized.  They  at  least  indicate 
an  ideal  toward  which  steam  practice  is  tending.  The  results  as 
they  are  stated,  taken  as  an  ideal,  are,  I  think,  encouraging  to 
hydraulic  and  electric  transmission  in  general.  The  estimate  to 
which  I  first  referred  (viz.: — $33.14  per  h.  p.  per  year,  on  an  average 
of  nearly  13,000  h.p.  in  a  20,000  h.  p.  maximum),  is  one  a^inst 
which  almost  any  hydraulic  plant  can  certainly  compete.  If  you 
add  to  this  estimate  the  cost  of  the  electrical  plant  necessary  to  put 
this  20,000  H.  p.  steam  plant  on  the  same  basis  as  the  hydraulic- 
electric  plant  ready  for  transmission,  the  figures  will  be  raised 
considerably,  and  I  am  very  sure  that  the  electric  and  hydraulic 
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plants,  aflsnming  that  high  load  factor,  can  in  general  compete 
sncceesfnlly. 

Mb.  Nelson  W.  Perky: — It  seems  to  me  that  one  feature 
of  this  question  has  not  been  touched  upon  to-night.  That 
is,  suppose  we  had  a  project  to  establish  a  plant  ultimately  to  be 
expanaed  to  a  given  larger  capacity,  would  it  pay  us  to  take  a 
water  power  and  through  that  water  power  employ  that  capacity, 
or  would  it  be  more  economical  for  us  to  do  it  by  steam,  assum- 
ing certain  conditions  of  cost  of  coal  and  other  necessaries  ?  Now, 
in  a  water  power  plant,  it  is  usually  necessary  to  develop  in  the 
beginning  a  very  much  larger  proportion  oi  its  utmost  capacity 
than  there  is  any  immediate  demand  for.  Take  the  plant  here. 
It  was  necessary,  in  order  that  a  single  horse-power  should  be 
available,  to  tap  the  river  above  the  Falls  by  means  of  a  tunnel. 
At  the  start  of  any  enterprise  of  this  kind  we  may  be  sure  of  an 
immediate  demand  for  but  a  very  small  portion  of  the  maximum 
capacity.  We  know  that  in  a  given  water  power  where  there  are, 
say,  10,000  h.  p.  available,  we  can  count  upon  an  immediate  sale 
of  only,  say,  1,000  h.  p.  We  have  to  develop  that  10,000  h.  b., 
however.  Dr.  Emery  has  called  attention  to  the  great  influence 
upon  cost  of  the  fixed  charges.  While  we  are  selling  that  1,000 
H.  p.  with  an  available  10,000  h.  p.,  we  are  paying  fixed  charges 
on  10,000  and  charging  only  for  1,000  h.  p.  If  on  the  other  hand 
we  have  coal  and  are  projecting  a  plant  of  equal  size,  we  put  in, 
say,  two  500  h.  p.  units  to  supply  the  existing  demand  and  pay 
fixed  charges  in  the  beginning  only  on  that,  and  then  when  the 
demand  increased  we  would  put  in  another  unit,  and  so  on,  so 
that  we  would  have  an  output  of  nearly  all  our  plant  from  the 
time  we  started.  I  think  that  among  engineers  that  point  is  not 
so  often  overlooked,  but  among  those  who  have  not  given  the 
subject  attention  it  is  overlooked  a  great  deal.  They  assume  that 
where  they  have  a  10,000  h.  p.  water  power,  and  it  costs  so  much 
to  develop,  interest,  etc.,  that  the  cost  per  h,  p.  to  them  is  that 
cost  divided  by  10,000,  whereas  it  is  that  cost  divided  by  1,000. 
Now,  in  a  growing  project  of  that  kind,  where  it  is  necessary  to 
make  a  very  large  investment  with  the  expectancy  of  an  increas- 
ing demand  for  the  output,  it  must  be  uneconomical  at  first  to 
start  a  water  power.  Under  most  conditions  a  steam  plant  would 
be  much  more  economical,  for  the  reason  that  we  can  increase  it 
as  the  demand  increases,  and  pay  fixed  charges  only  on  a  plant 
actually  earning  to  nearly  its  fullest  capacity. 

Allan  V.  Garratt,  of  Boston : — I  am  inclined  to  take  excep- 
tion to  what  the  last  speaker  has  said,  for  this  reason, — if  we  start 
out  to  build  a  10,000  h.  p.  hydraulic  plant,  the  conditions  are  not 
often  the  same  as  we  find  here  at  Niagara  Falls.  I  could  quote 
perhaps  a  dozen  eases  of  plants  in  the  far  West,  where  peoples' 
ideas  are  apt  to  be  large,  and  where  they  wish  to  lay  out  for  a 
comparatively  large  plant  ultimately,  but  realize  quite  fully  that 
the  present  demands  for  power  will  be  small.     It  is  self-evident 
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that  if  you  wish  to  come  oat  with  a  very  large  plant  at  some  time 
which  you  hope  will  arrive  in  the  future,  it  is  not  necessary  to 
build  the  whole  plant  on  the  lo,0(>0  h.  p.  basis.  There  is  a  cer- 
tain portion  of  your  constructiofi  that  may  l>e  necessary  to  be 
completed  from  the  first,  but  those  water  powers  as  a  rule  are 
avoided  by  investors,  which  make  this  necessary  to  any 
large  degree,  and  such  constructicm  can  usually  be  put  in 
which  will  take  care  of  such  a  load  as  can  be  obtoined  in  the 
immediate  future,  without  making  such  an  extortionately  great 
investment.  On  the  other  hand,  it  is  undoubtedly  true  tlmt  in 
almost  any  water  power  plant  the  first  development  must  be 
larger  than  in  a  steam  plant.  That  is  undoubtedly  true.  I  never 
have  known  a  case  to  be  otherwise.  But  the  difference  is  not  so 
great  in  favor  of  the  steam  plant  as  the  la>t  speaker  would  seem 
to  intimate.  Now,  under  the  comparatively  high  heads  which 
obtain  throughout  a  large  portion  of  the  United  States,  especially 
the  growing  portions  of  the  United  States,  as  ft>r  instance  on  the 
eastern  slopes  of  the  Itocky  Mountains,  and  on  the  westeni 
slopes  of  tne  Sierra  Nevada,  and  the  Cascade  ranges,  we  find 
water  powers  tumbling  down  through  deep  canyons  in  such  a 
way  that  you  can  take  off  a  portion  of  that  water  and  carry  it 
down  through  a  steel  fiume,  wnich  is  a  common  practice  in  that 
country,  and  investment  in  wheels  and  heavy  masonry  at  the 
base,  and  all  that  sort  of  thin^  is  carefully  looked  after  at  the 
start,  and  they  go  right  on  with  the  development  in  proportion 
to  the  output  "of  the  plant.  It  is  not  necessary  in  the  majority  of 
ca^es  to  put  in  an  enormous  construction  at  the  start  which  must 
not  be  touched  while  your  plant  is  being  loaded  up  to  the  maximum 
point  which  you  intend  to  reach.  80  that  the  investment  can  in 
a  very  great  number  of  cases  be  kept  very  small,  and  the  invest- 
ment incre  ised  as  the  earning  capacity  of  the  plant  increases. 
And  you  will  find  if  you  look  over  the  history  of  water  power 
development  in  the  United  States,  you  will  find  that  water  power 
properties,  which  require  enormous  investments  in  the  start,  have 
not  been  touched  unless  it  is  seen  that  a  very  large  earning  capa- 
city can  be  gotten  from  them  at  present.  But  let  us  take  for 
example,  well,  the  Rainbow  Falls  across  the  Missouri  Kiver,  which 
comes  into  my  mind  at  present.  There  is  naturally  a  very  good 
water  power,  capable  of  giving,  I  should  think,  in  the  natural  effect 
of  the  river  at  tnat  point,  perhaps,  50,000  h.  p.,  as  a  rouc^h  estimate, 
and  at  the  present  time  tney  are  using  about  a  twentieth  of  that. 
Now  the  construction  at  that  point  is  such  that  it  is  just  right,  it 
is  thoroughly  adapted  to  what  they  want  at  the  present  time  and 
in  the  immediate  future,  and  is  such  that  they  can  can  keep  on 
developing  it,  just  as  when  people  build  a  steam  plant  and  so 
arrange  it  that  the  steam  plant  can  be  increased  up  to  any  load 
they  are  going  to  have,  without  making  an  extortionate  investment 
at  the  beginning.  So  I  think  it  is  hardly  fair  to  the  water  power 
to  lay  it  down  as  a  broad  and  fundamental  fact  that  when  yon 
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start  out  with  the  ultimate  intention  of  developing  power  in  very 
large  amounts,  yonr  investment  must  be  for  the  ultimate  output 
of  your  plant  from  the  very  start,  and  that  if  you  intend  to  have 
1,000  H.  p.  developed  at  once,  that  you  must  make  the  price  of 
the  1,000  H.  p.  you  are  going  to  sell  on  the  basis  of  the  total  fixed 
charges  on  10,OnO  h.  p.,  because  it  is  not  anything  of  the  kind. 
Neither  is  it  fair,  of  course,  to  say  that  you  divide  the  fixed 
charges  on  10,000  h.  p.  by  10,  and  call  that  the  price  on  1,000. 
The  history  of  water  power  plants,  so  far  as  my  experience  has 
gone,  has  led  me  to  see  that  the  operating  expense  and  fixed 
charges  get  less  and  less  as  you  ^o  up  in  size  of  plant,  until  it 
finally  reaches  the  minimum.  This  is  not  so  absolutely  unreason- 
ably as  one  might  be  led  to  suppose,  and  on  the  other  hand  we 
know  that  very  many  steam  plants  are  so  poorly  laid  out,  that 
you  do  not  get  the  proportionate  decrease  in  fixed  charges  and 
operating  expenses  as  the  load  increases. 

Dr.  Emkbt  : — The  principal  points  have  been  so  thoroughly 
considered  in  detail,  that  there  is  little  to  say  in  closing.  The 
most'important  question  yet  remaining  seems  to  be  that  raised 
by  Dr.  Crocker  and  Mr.  Stillwell,  to  tne  general  eflFect  that  the 
fixed  expenses  due  to  an  electric  transmission  plant  should  be 
added  to  those  of  the  steam  plant,  for  the  reason  tiiat  20,000  h.  p. 
could  not  be  utilized  at  any  one  place,  and  that  a  means  of  trans- 
mission and  sub-division  is  necessary.  This  is  true  in  regard  to 
20,000  H.  p ,  but  not  true  of  moderate  sized  plants  where  25  to 
loO  H.  p.  and  upward  is  required.  Dr.  Crocker  urges  that  an 
electrical  system  is  the  cheapest  way  of  distributing  power  even 
from  a  shop  engine  to  the  various  tools,  but  it  would  seem  ex- 
treme to  urge  tnis  system  for  plants  of  100  h.  p.  and  less,  par- 
ticularly for  those  already  established.  Water  power  transmitted 
electrically  to  large  cities  will  for  a  considerable  time  be  princip- 
ally required  as  a  substitute  for  steam  p<.»wer  already  installed. 
In  such  cases  evidently  the  cost  of  the  installation  of  the  electric 
plant,  together  with  its  operating  expenses,  should  be  added  ta 
the  cest  for  which  the  power  is  delivered.  Even  if  it  is  desirable 
to  employ  largely  the  system  of  electric  motors  operating  individual 
tools,  or  clusters  of  tools,  as  referred  to  in  Dr.  Crocker^  paper  on 
the  subject,  this  is  a  question  of  shop  economy  which  does  not  affect 
that  of  bringing  the  power  to  the  shop.  The  former,  with  old 
plants,  has  nothing  to  do  with  the  case,  and  with  new  installations 
the  electric  plant  can  for  moderate  powers  at  least  be  charged  to 
shop  transmission  and  not  to  the  power.  In  the  majority  oi  cases^ 
therefore,  the  only  logical  method  of  comparison  is  to  start  with 
a  revolving  shaft.  Without  disputing  the  broad  proposition  of 
Mr.  Stillwell  as  well  as  Dr.  Crocker,  that  power  from  a  large 
steam  plant  must  have  means  of  transmission  to  the  several  kinds 
of  work  in  detail,  this  is  also  true  of  large  steam  plants  already 
installed.  The  units  of  the  20,000  h.  p.  plant  are  only  2,500  to 
6^0  H.  p.,  which  are  in  frequent  use,  and  the  elaborate  lines  of 
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shafting,  gearing,  beltina:,  etc.,  from  such  units  to  rolling  mills,  flour- 
ing mills,  cotton  manufactories,  etc.,  are  necessary  and  expensive 
but  form  a  part  of  the  internal  transmission,  not  that  of  bringing 
the  power  to  the  works.  An  electrical  transmission  in  the  factory 
is  only  a  substitute  for  this,  and  should  be  charged  in  the  same 
way.  We  grant,  however,  that  there  is  much  in  the  suggestion, 
as  applied  to  a  very  large  steam  plant  designed  to  distribute  Hffht 
and  power  in  opposition,  we  may  suppose,  to  proposed  distribu- 
tions of  power  derived  from  water,  but  this  is  not  the  question  at 
issue.  In  developing  a  water  power,  the  question  is  how  such 
power  can  be  most  economically  transmitted  and  distributed,  and 
the  same  question  exactly  would  arise  in  relation  to  a  large  steam 
plant.  From  our  present  lights,  the  natural  answer  is, — put  the 
water  or  steam  power  into  electric  energy  as  soon  as  possible, and 
this  will  be  available  at  the  points  of  transmission  both  for  lighting 
and  power  purposes  by  the  use  of  proper  apparatus.  The  cost  of 
such  transmission  and  distribution  might  be  so  great  as  not  to 
warrant  carrying  out  the  enterprise  either  for  water  power  or  for 
steam  power.  The  question  may  be  asked,  then :  What  is  the 
value  of  an  estimate  on  a  2u,000  u.  p.  basis  as  given  in  the  paper; 
steam  plants  on  land  are  unknown  that  reouire  such  a  power 
locally ;  it  is  only  a  steamship  that  requires  it  ?  In  response  I 
may  say  that,  curiously  enough,  the  popular  mind  wanted  what 
may  be  termed  a  bottom  price  for  comparison.  I  have  been 
asked  to  make  such  an  estimate  by  many.  I  was  asked  to  make 
it  by  the  general  oiBcers  of  the  Cataract  Construction  Company. 
They  wished  to  know  the  cost  of  power  on  this  large  scale  aevel- 
opea  in  a  plant  in  the  outskirts  of  Buffalo.  I  responded  that  I 
did  not  think  that  was  what  they  wished  to  knew,  and  asked  per- 
mission to  tell  them  what  mv  views  were,  and  finally  was  re- 
quested to  do  so.  I  trust  tnere  is  no  breach  of  contidence  in 
making  this  statement,  but  will  not  try  to  remember  my  reply. 
I,  however,  say  now  that  the  basis  of  comparisan  seerns  tome  to 
he  the  relative  Cftat  of  power  delivered  in  desired  qua/ntities  to 
the  several  consumers  as  compared  9cith  the  cost  of  steam  powtr 
on  the  premises.  Mr.  Foster  has  since  examined  the  subject  for 
the  company.  His  investigations  show  that  steam  power  costs 
in  Buffalo  much  more  even  than  stated  in  my  original  paper 
in  1 893,  which  at  the  time  was  considered  unnecessaril  v  conserva- 
tive by  many  parties.  I  do  not  think  the  details  of  Mr.  Foster's 
determination  have  ever  been  submitted  for  criticism,  but  if  the 
results  are  accepted,  the  parties  attempting  a  solution  of  the 

{problem  should  consider  wnat  the  results  would  be  if  the  manu- 
acturers  of  Buffalo  should  adopt  means  for  securing  economy  in 
steam  power. 

Let  us  examine  what  this  discussion  has  developed  in  this  line. 
If  one  H.  p.  delivered  at  the  terminals  of  a  dynamo  here  for  $18 
tr  year  can  only  be  utilized  10  hours  per  day,  or,  say  roughly, 
,000  hours  in  the  year,  the  power  delivered  at  the  dynamo 
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termitials  here  will  cost  X  of  a  cent  per  h.  p.  per  hour.  Some 
power  will  be  sold  out  of  business  honrs,  but  the  maximum  power 
must  be  charfi:ed  for  all  the  time,  so  with  a  low  power  factor,  as 
is  probable,  the  average  cost  cannot  be  greatly  varied.  By  Mr. 
Arnold's  short  i  ule,  modified  in  both  directions  by  the  fisrures  I 
have  given,  the  power  should  on  the  average  be  delivered  by 
steam  engines  in  Buffalo,  with  all  charges  of  interest  on  plant, 
attendance,  repairs  and  supplies  added,  for  about  one  cent  per 
H.  p.  per  hour.  Upon  this  statement  of  the  problem,  who 
will  undertake  to  "  bell  the  cat,"  put  in  the  transmission  line, 
connect  with  the  several  stations  there,  or  build  new  ones,  send 
out  this  power  locally,  furnish  the  motors  and  connections  and 
deliver  power  to  the  several  coupumers  at  these  prices?  Can 
it  be  done  by  any  other  parties  than  those  who  wish  to  receive 
$18  per  H.  p.  at  the  dynamo  terminals  here  ? 


The  President  announced  the  appointment  of  the  following 
members  as  a  Committee  on  Resolutions:  B.  F.  Thomas  of 
Columbus,  O.;  B.  J.  Arnold  of  Chicago,  and  W.  J.  Hammer  of 
New  York. 

[Recess  until  10  a.m.] 
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ENGINEERS. 


Twelfth  General  Meeting. 

Niagara  Falls,  N.  Y.,  June  27th. — Morning  Session. 

President  Duncan  called  the  meeting  to  order  and  announced 
that  Dr.  Emery  would  speak  briefly  in  continuation  of  the  dis- 
cussion on  his  paper  of  last  evening. 

Dr.  Emery: — In  conversation  with  a  number  of  those  present 
it  has  appeared  that  it  would  be  of  interest  to  state  a  case  where 
electrical  transmission  was  not  the  best  means  to  employ.  It  was 
hardly  applicable  in  the  discussion  of  Dr.  Crocker's  paper,  so  I 
will  now  give  a  brief  outline  of  the  case  as  a  continuation  of  the 
discussion  of  last  evening.  I  was  recently  called  in  consultation  jn 
regard  to  a  steam  plant  in  the  retineries  of  one  of  the  oil  companies 
in  which  there  were  burned,  in  four  boiler  houses,  about  64,000 
tons  of  coal  a  vear.  There  was  a  large  number  of  pumps  for  trans- 
ferring the  oil,  large  and  small  steam  engines,  and  steam  and  hy- 
draulic pumps  in  various  buildings,  so  that  steam  from  about  3,000 
boiler  horse-power  was  delivered  for  power,  independent  of  which 
more  than  this  amount  of  boiler  power  was  required  for  heating 

Eurposes.  The  executive  officers  were  experts  in  their  line,  and 
ad  studied  out  a  large  variety  of  ways  for  obtaining  economy  in 
fuel.  They  had  thought  of  the  plan  of  taking  out  the  steam 
pumps,  and  putting  in  power  pumps  operated  by  economical  en- 
gines, and  exhaust  heating  was  to  some  extent  used,  but  as  a 
general  system,  had  not  received  direct  attention.  Finally  in 
consultation  with  the  electrical  people  they  became  interested  in 
a  lar^e  electric  transmission  system.  It  was  proposed  te  put  a 
multiphase  generating  plant  of  about  3,000  kilowatts  capacity 
near  one  of  the  boiler  stations,  where  high  pressure  steam  could 
be  secured  to  operate  engine  dynamos  and  transmit  power  elec- 
trically through  an  underground  line  and  multiphase  motors  in 
different  parts  of  the  buildings  and  grounds,  the  lighting  being 
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incidentally  done  by  the  same  plant;  the  steam  for  heating,  how- 
ever, to  be  suppKed  by  the  other  boilers.  The  change  would  cost 
a  considerable  sum  of  money,  and  my  advice  being  asked  profes- 
sionally, I  saw  at  once  it  was  not  a  case  where  a  general  system 
of  electric  transmission  was  applicable,  but  advised  raising  the 
back  pressure  on  the  uneconomical  engines,  and  distributingexbaust 
steam  to  the  several  heating  J>oints,  meanwhile  providing  to  put  in 
a  small  multiphase  plant  of  75  kilowatts  to  replace  three  smaller 
electric  lighting  plants,  and  operate  a  few  multiphase  motors  at 
different  parts  of  the  yard  where  the  steam  pipes  were  very  long 
and  much  exposed.  The  results  at  last  accounts,  before  the  work 
was  fully  completed,  was  that  about  one-third  of  the  boilers  were 
shut  down  and  fully  one-half  of  the  coal  was  being  saved  or  at  the 
rate  of  about  32,000  tons  per  year.  This  case  is  simply  an  illustra- 
tion of  the  fact  that  electricity  is  not  a  "cure-all."  It  has  its  de- 
sirable features,  but  sometimes  there  are  other  ways  by  which 
the  results  desired  can  be  accomplished  much  more  satisfactorily. 
The  question  may  be  asked  what  the  relative  saving  in  fuel  would 
have  been  to  carry  out  thi&  first  plan,  using  large  economical  units 
to  generate  the  electrical  energy,  but  running  extra  boilers  to  do 
the  heating.  The  difficulty  with  this  plan  was,  that  the  heating 
WHS  so  large  a  portion  of  the  work,  that  by  generating  steam  and 
running  it  through  the  en^nes  first,  the  exhaust  steam  would 
develop  the  power  for  practically  little  more  cost  than  the  thermal 
losses  m  the  transmission  of  steam.  In  other  words,  the  engine 
dynamos,  the  transmission  plant  and  motors  should,  in  order  to 
<K)ra pete  with  steam,  furnish  the  power  with  a  quantity  of  steam 
sufficiently  less  than  that  condensed  in  the  steam  transmission 
plant,  to  pay  the  interest  on  the  investment  in  the  electric  plant. 
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THE  CAUSE  OF  DEATH  IN  ELECTRIC  SHOCK. 

A.    M.   BLEILE,   M.  B., 
Prof.  Physioloj^y,  Ohio  State  University. 

The  work  here  given  was  undertaken  with  a  view  to  elucidating- 
the  effects  of  larger  quantities  of  electricity  on  the  organism. 
Incidentally  the  value  of  artificial  respiration  after  death  by  elec- 
tricity was  also  tested.  As  this  is  the  minor  portion  of  the  work 
this  part  will  be  given  first. 

The  data  bearing  on  the  subject  in  general  are  quite  meagre, 
especially  as  to  the  amount  of  current  which  actually  passed 
through  in  fatal  cases. 

In  all  my  experiments  dogs  were  used,  and  in  the  subjoined 
table  the  weight,  voltage,  amperage  and  time  are  given  for  each 
case. 

In  the  first  experiment  525  volts,  2  amperes  were  applied  for 
8  seconds;  in  the  second,  220  volts,  1.2  amperes;  in  the 
third,  106  volts  .4  ampere,  10  seconds ;  in  the  fifth,  96  volts,  .35 
ampere,  2  seconds;  in  the  sixth,  52  volts,  .3  ampere  for  1,  2  and 
4  seconds ;  in  the  seventh,  70  volts,  .32  ampere,  i,  1  and  2  se- 
seconds  was  used. 

Before  the  application  of  the  current  a  eaiiuala  was  put  into 
the  trachea  so  arranged  that  it  could  at  once  be  connected  with  a 
bellows  for  the  purpose  of  giving  very  complete  artificial  respira- 
tion. Respiration  was  set  up  as  soon  as  the  current  was  off  and 
this  was  continued  for  periods  varying  from  20  minutes  in  the 
first  case  to  2^  hours  in  the  last,  and  in  no  instance  was  resusci- 
tation accomplished. 

Further  work  was  carried  on  for  the  sole  object  of  studying 
the  effect  of  the  current. 
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Our  electrodes  consisted  of  oval  copper  plates  3  by  2  inches, 
covered  with  sponges  moistened  with  salt  water.  One  electrode 
was  applied  at  the  base  of  the  skull,  and  the  other  over  the  mid- 
dle of  the  back,  the  hair  of  the  animal  having  been  previously 
well  moistened  with  the  salt  solution.  The  current  used  was  the 
alternating  current  of  130  periods  per  second.  While  the  details 
of  each  experiment  are  given  in  the  table  subjoined,  a  few  are  se- 
lected for  special  presentation.  The  larger  voltages  were  aban- 
doned for  100  volts,  70  and  50.  as  nearly  as  could  be  reached. 

Ninety-eight  volts  with  .32  ampere  were  applied  first  ^  second, 
then  1  second  with  recovery,  but  in  two  seconds  produced  death. 
Fifty-two  volts  with  .3  ampere  were  applied  1  second,  later  2  se- 
conds, with  recovery,  then  4  seconds,  producing  death.  Fifty- 
two  volts,  .24  ampere  applied  3  seconds  produced  death.  Fifty- 
one  volts,  .12  ampere,  4  seconds ;  51  volts,  .18  ampere,  4  se- 
conds were  not  fatal.  Fifty-one  volts,  .2  ampere,  4  seconds  pro- 
duced death.  From  these  figures  and  similar  ones  to  be  obtained 
from  the  table,  it  is  evident  that  the  result  depends,  somewhat 
independently  of  the  weight  of  the  animal,  on  three  factors  t 
On  the  voltage,  on  the  amperage  and  upon ,  the  time  of  appli- 
cation. A  variation  of  either  one  of  these  factors  may  change 
the  result— that  is,  a  lower  voltage  with  lesser  amperage  applied 
for  a  longer  time  will  have  the  same  effect  as  a  current  of  higher 
voltage  or  more  amperage  applied  for  a  shorter  time.  In  this 
connection  it  was  suggested  by  Professor  Thomas  that  the  joules 
necessary  would  be  found  the  same  in  each  case,  and  calculations 
show  that  this  is  approximately  true.  To  prove  this  absolutely  it 
would,  of  course,  be  necessary  to  work  with  the  minimum  quan- 
tities as  to  voltage,  amperage  and  time  in  each  case,  and  no  doubt 
one  or  another  of  these  factors  will  be  found  in  excess  in  most 
cases.  In  these  experiments  it  is  of  great  interest  to  point  out 
this  approximate  relation  between  the  results,  and  the  absolute 
amount  of  mechanical  energy  used.  The  results  foimd  on  post 
mortem  examination  of  the  animals  were  so  uniform  that  they 
can  be  very  briefly  described.  In  all  cases  this  examination  was 
made  immediately  after  death,  and  at  first  we  wished  to  study  the 
changes  produced  upon  the  heart,  so  that  the  incision  was  made 
through  the  chest  walls  and  the  heart  exposed  as  rapidly^ as  pos- 
sible. This  organ  presented  the  following  peculiar  conditions. 
The  left  side  was  completely  relaxed,  the  right  side  was  intensely 
gorged  with  blood,  as  were  also  thejarge  veins  in  the  immediate  vi- 
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cinity  of  the  heart,  and  the  little  appendages  of  the  upper  portion 
of  the  heart  were  found  beating  regularly,  strongly  and  synchron- 
ously. Pressure  on  the  heart  caused  a  contraction  of  the  other 
parts,  and  from  this  it  was  evident  the  death  was  not  due  pri- 
marily to  the  destniction  of  the  heart  fibers.  In  addition  it  was 
noted  that  the  deep  and  extensive  cuts  made  in  the  tissues  were 
free  from  blood,  and  that  the  arteries  were  quite  small  and  con- 
tracted. 

This  excluded  a  direct  effect  upon  the  heart,  and,  having  shown 
by  artificial  respiration  that  the  stoppage  of  this  function  was 
not  the  cause  of  death,  other  causes  were  to  be  looked  for. 

It  was  supposed  that  the  current  immediately  struck  the  pneu- 
mogastric  nerve  stimulating  those  fibers  which  control  the  heart 
in  that  they  have  the  power  of  arresting  its  beat,  when  strongly 
stimulated.  To  test  this  view,  resort  was  had  to  the  hypodermic 
injection  of  atropine,  the  action  of  which  drug  is  to  paralyze  the 
nerve  fibers,  and  thus  prevent  their  action  on  the  heart  when 
stimulated.  In  one  case  1^  grain  of  atropine  was  given,  52 
volts  with  .25  ampere  was  applied  first  for  2  seconds,  then  for  4 
seconds,  and  this  resulted  in  death.  In  a  second  case  ^  grain  of 
atropine  was  given,  52  volts  with  .29  ampere  was  applied  first  2 
seconds,  then  4  seconds,  again  resulting  in  death.  These  animals 
were  not  therefore  rendered  more  resistant  by  the  drug,  and  the 
theory  as  to  the  role  of  the  pneuraogastric  nerve  was  abandoned. 

I  now  recall  the  fact  already  mentioned,  that  after  death,  incis- 
ions into  the  auimal  are  not  followed  by  bleeding,  that  the  ar- 
teries are  contracted  down  to  a  very  small  caliber,  and  that  the 
blood  is  crowded  into  the  very  large  veins  in  the  trunk.  Taking 
these  facts,  it  was  suggested  that  the  current  acted  upon  the 
arteries  through  the  nervous  center  which  controls  their  diameter. 
It  is  well  known  that  the  arteries  are  supplied  with  a  middle  mus- 
cular coat  in  which  the  fibers  are  circular,  and  their  contraction 
would  of  course  cause  a  narrowing  of  the  artery,  rise  of  the  blood 
pressure,  and  a  conseqhent  impediment  of  the  heart's  action  ;  in 
fact  it  has  been  experimentally  demonstrated  that  the  arteries 
can  be  constricted  to  such  an  extent  as  to  produce  a  rise  of  blood 
pressure  which  the  heart  is  unable  to  overcome,  and  that  the  circula- 
tion will  stop  from  this  cause.  It  is  further  known  that  we  have 
in  the  train,  most  of  the  nerve  matter  whose  function  it  is  to  con- 
trol the  vaso-motor  nerves,  the  arteries  at  one  time,  and  in  one 
place   contracting  and  thus  decreasing   the  amount   of    blood 
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-at  another  time  and  in  another  place,  dilating  and  thus  in* 
•creasing  the  amount  of  blood  getting  ^o  another  particular  part. 
To  test  this  view,  that  the  action  of  the  vascular  nervous 
system  was  the  cause  of  death,  we  resorted  to  the  hypodermic  use 
of  nitroglycerine.  It  is  known  of  this  drug  that  it  powerfully 
aflFects  the  arterial  system,  causing,  when  given  in  larger  doses, 
an  extreme  dilatation  of  the  arteries,  aiid  a  consequent  great 
lowering  of  the  blood  pressure. 

The  first  animal  received  ^  of  a  grain  of  nitroglycerine  and, 
when  the  effects  were  fully  established,  a  current,  which  was 
known  to  be  fatal,  was  thrown  in  ;  namely  50  volts,  .24  amperes 
for  4  seconds,  but  the  effects  produced  by  this  current  soon 
passed  off  and  there  was  complete  recovery.  Then  97  volts, 
with  .54  ampere  were  thrown  in  for  1  second  but  this  caused 
<}eath.  In  another  case  ^  of  a  grain  of  nitroglycerine  was  used; 
here  52  volts,  .22  ampere,  a  fatal  dose,  were  thrown  in  for  4 
seconds  with  recovery.  One  hundred  and  four  volts,  .6  ampere 
were  thrown  in  for  4  seconds  producing  death,  but  after  the  cur- 
rent was  taken  off  there  were  noted  8  deep  but  irregular  respira- 
tions. In  other  cases  where  the  nitroglycerine  was  used,  there 
was  no  apparent  effect,  but  some  investigation  led  me  to  attribute 
this  to  the  unreliability  of  the  tablets  of  nitroglycerine  used,  and 
this  drug  was  then  abandoned  for  nitrite  of  aniyl,  a  substance 
which  has  the  same  physiological  effects  as  nitroglycerine  but 
which  can  be  always  obtained  pure,  and  the  effects  of  which  can 
be  more  accurately  regulated  because  it  is  given  by  inhalation. 
In  the  first  case  the  animal  was  brought  moderately  under  the 
influence  of  the  nitrite  of  amyl,  52  volts  with  .24  ampere  were 
thrown  in  for  IS  seconds,  (this  by  the  way  being  a  fatal  dose 
ordinarily,)  without  producing  death.  Fifty-two  volts,  .25  of 
an  ampere  for  4  seconds,  also  a  fatal  dose,  failed  to  produce  death. 
Fifty-two  volts,  .3  of  an  ampere  for  6  seconds  produced  death, 
but  after  the  current  was  taken  off,  the  animal  made  22  deep,  reg- 
ular respirations  though  not  a  trace  of  the  heart  beat  could  be 
made  out,  this  incidently  proving  that  stoppage  of  the  respiration 
is  not  the  primary  cause  of  death. 

Three  more  experiments  may  be  selected.  Numbers  24,  26 
and  27  of  the  table. 

No.  24  was  a  pointer  dog  in  excellent  condition,  weighing  34 
lbs.  Nitrite  of  amyl  was  given  until  the  effects  were  fully 
marked.     Fifty  and  five  tenths  volts  with  .2  ampere  were  given 
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for  8  seconds  ;  after  a  pause  the  same  quantity  was  given  for  6 
seconds,  followed  by  recifl^ery.  Three  days  later  the  same  dog, 
which  showed  no  effects  at  all  of  the  previous  treatment,  was 
given — without  the  nitrite  of  amyl— 51  volts,  .2  ampere,  4 
seconds,  producing  death. 

In  the  last  case  a  dog  weighing  only  12  lbs.  and  of  such  gene- 
ral condition  of  weakness  that  the  assistant  protested  against  his^ 
use  as  not  being  competent  to  demonstrate  anything,  was  given  a 
full  dose  of  nitrite,  then  50  volts  with  .6  ampere  were  applied 
for  4  seconds  and  followed  by  recovery.  The  dose  applied  for  0 
seconds  produced  death  and  here  again  several  respirations  were 
noted. 

The  statements  made  in  regard  to  the  cause  of  death  by  elec- 
tricity are  so  at  variance  with  one  another  that  it  is  unnecessary 
to  review  them  here.  Among  other  plausible  reasons  it  has  been 
stated  that  the  current  has  a  direct  disintegrating  effect  on  the 
brain  and  nerve  tissues  and  that  herein  is  to  be  found  the  cause 
of  the  fatality.  The  disintegrating  effects  of  the  current  on  the 
brain  and  nerve  tissue  said  to  follow,  are  not  to  be  seen  macroscop- 
ically  and  the  microscopic  examination  of  these  organs  so  far  as- 
made  by  us  failed  to  reveal  any  change  in  their  structure.  It 
would  appear  therefore  that  death  in  electric  shock  is  entirely 
due  to  the  fact  that  the  current  produces  a  contraction  of  the 
arteries  through  an  influence  on  the  nervous  system,  and  that  this 
constriction  of  the  arteries  throws  in  such  a  mechanical  im- 
pediment to  the  flow  of  the  blood  as  the  heart  is  unable  to  over- 
come, and  that,  where  drugs  are  given  to  counteract  this  effect, 
much  larger  doses  of  electricity  than  the  ordinary  can  be  borne,. 
While  artificial  respiration  may  be  of*  value  in  simple  stunning^ 
when  larger  doses  have  been  taken,  no  rational  means  of  resus- 
citation have  as  yet  been  suggested. 

I  was  enabled  to  carry  out  the  above  experiments  by  the  loan 
of  apparatus  kindly  furnished  by  Professor  Thomas  and  was 
greatly  assisted  in  the  work  by  Mr.  Boyd,  of  the  Physical  De- 
partment who  was  present  at  every  experiment  and  who  made 
the  measurements  for  us. 

The  current  was  obtained  from  a  surface  wound  alternator 
giving  an  approximate  sine-curve.  For  potentials  of  100  volta 
or  less,  connection  was  made  with  the  secondary  of  a  suitable 
transformer.  Potentials  of  over  100  volts  were  taken  direct  from 
the  primary  circuit,  adjustment  being  made  by  varying  the  gene- 
rator field. 
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No. 

Weight 
(lbs.). 

Volte. 

Amprres. 

Time 
(seconds). 

z 

3Z 

S'S 

3 

Artificial  respiration  40  min.— Death. 

3 

»5 

320 

Z.33 

Artificial  respiration  25  min.—Death. 

3 

30 

106 

.4 

10 

Artificial  respiration  1  hr.  15  min.—Death. 

4 

4a 

98 

.4 

Artificial  respiration  2  hrs. 30  min.— Death . 

5 

27 

96 

•3 

Artificial  respiration  i  hour.— Death. 

6 

"M 

53 

•3    " 

\\ 

Recovery. 
Death. 

7 

13 

70 

•32 

J, -5 

Recovery. 
Recovery. 
Recovery. 
Recovery. 

8 

40 

47.5 

.25 

Death. 

'          9 

35 

96 

.35 

Death. 

ID 

30 

52 

••5 

t: 

^,.30  grain  atropine]  gj^very. 

IZ 

aS 

52 

.«9 

]: 

[3-60  grain  atropine]  R-very. 

13 

36 

J  50 

»97 

.24 

.54 

\  1.35  grain  nitroglycerine]  g^;;^*^- 

»3 

30 

48 

.33 

X-30  grain  nitroglycerine.— Death. 

M 

33 

1  104 

.83 
.6 

[4-50 grain  nitroglycerine]  g^J">'- 

'    «5 

33 

5« 

.32 

6-50  grain  nitroglycerine. — Death. 

i6 

39 

47 

.9 

i-xo  grain  nitroglycerine.— Death. 

«7 

27 

i    52 
I106 

.3 
.55 

\  i.zo  grain  nitroglycerine  ]  JS^h^'^*      • 

x8 

36 

51 

.25 

1  80  grains  chloral     ijy^^Yi                      \ 
\  X-50  grain  atropine  f  ^«"^"-                     | 

19 

30 

52 

•24 

Death.                                                            ; 

30 

1 
1 

51 

52 

\.24 
'.30 

Recovery. 
Recovery. 
Death.    (23  deep  respirations.) 

! 

21 

«5 

50.5 

.3 

Death. 

33 

19 

51 

.3 

Small  dose  nitrite  of  amyl. — Death.            1 

a3 

17 

51 

.3 

Small  dose  nitrite.— Death. 

24 

34 

50.5 

.3 

i 

[Full  dee  „itriw|Rns;:;j: 

25 

38 

1 

i    50.5 

^  lOI 

.3 

.3 

•5 

J                               ( Recovery. 
>•  Full  dose  nitnte  ■{  Recovery. 
(                               )  Death. 

a6 

34 

51 

.13 

•   .x8 

.3 

4 
4 
4 

Recovery. 

Recovery.                                                       i 

Death. 

i         '7 

12 

5« 

.2 

f  6 

]  Full  dose  nitrite  [f--n^-                    \ 
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Voltages  were  measured  by  means  of  a  Weston  a.  o.  voltmeter. 
The  mains  supplj'ing  the  current  were  of  low  resistance,  so  that 
the  drop  when  the  circuit  was  closed  was  found  to  be  negligible. 
The  figures  given  are  the  actual  potential  differences  of  the 
electrodes,  while  the  current  was  flowing  through  the  animal,  cor- 
rect to  within  one-half  volt.  A  Siemens  dynamometer  was  used 
for  measuring  the  current  when  the  time  of  contact  was  less  than 
four  seconds.  It  was  somewhat  di£Scult  to  make  a  setting,  so 
that  readings  for  those  short  times  can  not  be  taken  as  correct 
within  five  per  cent. 


Discussion. 

Mk.  G.  W.  Blodgett  :— I  would  like  to  ask  the  author  two  or 
three  questions.  He  speaks  of  applying  a  current  of  52  volts  .3 
amperes  successively  to  an  animal  for  six  seconds.  I  would  like 
to  know  what  the  interval  was  between  those  applications? 

Dr.  Bleilb  : — The  intervals  were  never  timed,  but  we  would 
wait  until  the  animal  had  fully  recovered,  as  evidenced  by  the 
general  condition,  which  can  be  readily  told.  There  is  always 
dilatation  of  the  pupils,  and  you  can  wait  until  that  goes  down,  and 
then  the  wagging  of  the  tail  is  a  good  index  of  a  dog's  condition, 
if  he  responds  freely  by  a  wag  to  such  gentleness  as  is  used  with 
dogs. 

Mr.  Blodgett: — Would  there  be  an  interval  of  a  few  sec- 
onds? 

Dr.  Bleile:— Oh  it  was  more  than  a  few  seconds.  It  was 
from  five  to  ten  or  fifteen  minutes. 

Mr.  Blodgett  : — So  that  in  the  second  application  there  could 
be  no  effects  remaining  from  any  other  application  ? 

Dr.  Bleile: — No,  sir,  that  is  excluded.  In  fact  in  this  one 
case,  that  of  the  pointer  dog,  case  No.  24,  that  dog  was  unloosed 
immediatelv  after  the  current  was  off,  it  taking  just  a  half  minute 
to  unloose  him,  and  he  was  quite  playful  and  entered  into  some 
little  sport  in  that  short  time  after. 

Mr.  Blodge'it: — I  have  a  curiosity  to  ask  one  other  question, 
because  I  am  not  a  medical  man.  You  speak  of  putting  an  ani- 
mal "  moderately "  under  the  influence  of  nitrite  of  amyl.  I 
would  like  to  ask  what  the  effects  of  that  drug  are  when  used 
moderately,  as  in  this  case,  or  freely,  in  other  cases.  What  are 
the  effects  which  the  drug  itself  would  produce  ? 

Dr.  Bleile  : — The  effect  would  be  ascertained  by  feeling  the 
pulse.  The  pulse  has  a  certain  amount  of  hardness,  and  a  certain 
character,  which  is  due  to  the  elasticity  of  the  arterial  walls. 
When  the  artery  dilates,  that  elasticity  is  changed,  and  the  charac- 
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ter  of  the  pulse  wave  is  changed.  It  comes  up  slower,  and  at 
the  same  time  there  is  an  increase  in  the  number  of  heart  beats. 
You  will  always  find  that  when  the  blood  pressure  falls,  there  is 
present  an  increase  of  the  beat,  and  vice  versa,  there  is  a  com- 
pensatory effect.  That  was,  of  course,  a  matter  that  was  merely 
estimated.  We  had  no  means  of  gauging  that ;  but  when  we 
found  just  a  perceptible  impression  on  the  character  of  the  pulse 
and  the  frequency,  I  call  that  "moderate;"  and  when  it  was 
pushed  a  little,  that  I  call  a  full  dose.  It  produces  in  man  a 
great  flushing  of  the  face  and  giddiness. 

Prof.  John  C.  Shedd  : — I  would  like  to  inquire  what  means 
were  taken  to  secure  the  variation  of  amperage  where  the  volt- 
age remained  the  same.  I  notice  in  experiment  No.  20  the  voltage 
was  52.     The  amperage  in  one  case  was  .24  to  .25  and  .30. 

Dk.  Bleilk  : — In  those  cases  the  variation  was  due  to  the  mov- 
ing of  the  electrodes.  The  animal  did  not  remain  perfectly 
quiet,  and  accordingly  as  we  got  greater  or  less  contact  the  am- 
perage would  correspond. 

Mr.  Jules  Neher: — 1  would  like  to  touch  upon  the  same 
question.  It  is  natural  for  electricians  to  study  the  relations  be- 
tween ampere^  and  volts.  I  note  that  in  most  of  these  cases  the 
resistance  of  the  animal  is  very  much  the  same.  In  the  case  of  60 
volts  and  .24  amperes  it  would  be  about  20o  ohms;  except  for 
the  last  animal  Dr.  Bleile  speaks  of ,  a  12  lb.  dog  which  showed 
the  exceedingly  low  resistance  of  80  ohms,  the  current  being  50 
volts  and  .6  amperes. 

Dr.  Bleile:^  No.  27? 

Mr.  Neher: — I  think  it  is  No.  27 ;  50  volts  and  .6  ampere 
were  carried  over  four  seconds,  and  then  six  seconds  with  the 
deadly  effect — I  see  now  that  I  made  a  mistake.  I  understood  it 
was  .6  ampere.  I  see  now  it  is  .2  on  the  table.  I  have  frequently 
been  told  by  persons  who  seemed  to  know  something  about  it, 
that  the  current  when  applied  would  rise  during  the  application 
in  some  way,  as  if  it  would  find  a  better  path  after  having 
been  applied  for  short  periods,  and  I  wonder  if  in  these  experi- 
ments the  same  phenomenon  was  proved  in  longer  duration. 

Dr.  Bleile: — We  did  not  find  that,  so  far  as  these  experiments 
went.  I  think  that  statement  has  been  made  in  regard  to  man, 
and  it  can  be  explained  in  this  way.  When  the  current  is  on,  it 
will  in  most  instances  produce  a  secretion  of  sweat,  and  by  mois- 
tening the  skin  you  get  a  better  conduction,  and  therefore  a  rise. 

Prof.  Elihu  Thomson  : — This  valuable  paper  of  Dr.  Bleile's 
reminds  one  of  some  matters  that  were  investigated  some  time 
ago  by  the  late  Dr.  Tatum.  lie  carried  out  his  experiments  with 
the  idea  of  discovering  the  effect  of  different  frequencies  in  pro- 
ducing physiological  effects.  As  I  recall  his  results,  he  found 
that  at  a  certain  frequency , which  I  think  was  very  nearly  60  periods 
per  second,  the  maximum  physiological  effect  was  produced, 
measuring  the  current  that  was  passed  through  the  animal.     He 
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used  dogs,  I  believe,  in  his  experiments,  and  also  the  human  sub- 
ject, discovering  the  limit  of  endurance  or  the  amount  of  current 
which  could  be  passed  through  the  body  and  sustained  without 
very  great  discomfort.  He  found  also  that  as  the  periodicity  rose 
up  to,  1  think,  some  2,500  periods,  the  immunity  from  harm  by 
the  passage  of  the  current  became  very  much  increased  ;  and,  if  I 
remember  the  figures,  at  about  2,600  periods  he  passed  through 
the  brain  of  a  dog  some  .34  ampere  without  any  particular  effect. 
I  may  be  mistaken  about  the  hgure,  however.  But  it  was  cer- 
tainly as  large  a  current,  or  larger,  than  that  which  would  seem 
to  be  necessarily  fatal  if  of  low  frequency.  It  is  well  understood 
too,  now-a-days,  that  as  we  get  the  frequency  still  higher,  a  very 
considerable  current  value,  if  we  read  the  values  by  the  calorific 
effects,  can  be  sustained  by  the  organism  without  any  apparent 
injury;  so  much  so  that  a  current  which  would  apparently  be 
large  enough  to  be  represented  in  its  calorific  effect,  by,  say  an 
ampere  and  a  half,  can  be  readily  sustained  by  the  human  subject. 

Now,  as  to  the  equivalence  alluded  to  in  the  paper  of  a  varia- 
tion of  the  factors  of  time  of  application  and  amperes  applied,  of 
course  there  must  be  a  limit  to  such  a  relation.  There  must  bea 
certain  current  which  can  be  sustained  almost  indefinitely,  as  we 
well  know.  We  take  hold  of  the  terminals  of  an  electric  appar- 
atus, and  with  a  certain  current  we  can  hold  indefinitely,  and  of 
course  we  will  have  the  delivery  of  energy  at  a  certain  rate;  pil- 
ing up,  as  it  were,  in  the  system;  so  that  we  must  have  a  lower 
limit  at  which  the  relationship  referred  to  will  not  hold  good. 
There  is  another  fact  which  I  think  may  have  some  influence  on 
the  results.  That  is  the  question  of  education  of  the  system  to 
stand  the  current.  I  remember  some  experiments  were  made 
several  years  ago  by  some  of  our  young  men  in  the  Thomson- 
Houston  Company  for  the  purpose  of  determining  what  alterna- 
ting current  or  voltage  they  could  stand.  They  oegan  low  and 
gr^ually  worked  up,  catching  hold,  of  course,  of  the  wires,  using 
the  hands.  They  found  that  beginning  at,  say  50  volts,  and  in- 
creasing the  voltage,  they  could  take  sliocks  of  450  volts  alter- 
nating current,  at  which  point  they  had  to  desist.  It  made  them 
sick  for  the  afternoon,  but  no  other  harmful  results  followed.  Of 
course  a  very  severe  shock  was  received.  Whether  the  system 
could  have  stood  such  an  application  at  once  is  questionable.  I 
think  very  likely  the  shock  might  have  been  fatal ;  but  by  grad- 
ually, as  it  were,  bringing  on  the  power  of  resistance,  somewhat 
in  the  same  manner  that  power  of  resistance  to  the  action  of  drugs 
may  be  brought  on  by  the  administration  of  small  doses  at  first, 
then  larger  and  larger  doses,  the  system  seems  to  have  the  power 
of  setting  itself  against  adverse  influences  providing  it  is  given 
time. 

An  interesting  question  arises  in  connection  with  the  results 

S'ven  in  the  paper  m  regard  to  high  frequency.     I  have  in  mind 
tving  seen  the  statement  published  some  time  since  in  regard 
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to  the  effects  of  higli  frequency  currents  passed  through  the  animal 
system,  that  a  very  grf*at  relaxation  of  tne  arterial  and  capillary 
systems  takes  place ;  that  such  is  in  fact  the  effect  of  the  passage 
of  high  frequency  currents ;  that  a  wound  made  after  the  pas- 
sage of  high  frequency  currents  bleeds  very  freely.  If  that  be 
the  case,  then  we  have  the  interesting  speculation  as  to  whether 
instead  of  administering  nitroglycerine  or  nitrite  of  amyl  we 
should  not  administer  high  frequency  currents  and  relax  the 
whole  arterial  system,  and  thereby  cause  instant  recovery.  I 
merely  throw  this  out  as  a  suggestion,  a  field  for  work  that  might 
produce  valuable  fruit,  or  might  not. 

Mr.  Neher  : — The  discussion  thus  far  has  been  on  the  effects 
of  alternating  currents  on  the  animal  body.  I  wonder  if  any- 
body can  inf onn  us  of  the  effects  of  direct  currents.  It  has  often 
been  suggested  that  direct  currents  would  have  a  more  severe  in- 
fluence on  animal  life,  owing  to  the  powerful  electrolytic  effect 
froduced  either  in  the  nerves  or  in  the  system  of  the  blood  vessels, 
t  is  understood,  I  think,  that  with  a  high  potential  direct  current, 
shocks  were  usually  sustained  by  getting  in  contact  with  an  arc 
<3ircuit.  There  I  suppose  that  the  potentials  rise  to  enormous 
values  the  moment  the  circuit  is  broken,  and  that  death  is  prob- 
ably due  to  the  very  high  potential.  There  mav  be  some  person 
that  can  tell  us  what  happens  with  comparatively  low  direct  cur- 
rent voltages  as  they  are  m  use  on  railwav  circuits. 

Me.  Gaeratt  : — I  notice  a  little  error  here  that  should  be  cor- 
rected. On  page  392,  in  the  middle  of  the  third  paragraph,  it 
says:  "  In  one  case  lA^  grain  of  atropine  was  given"  Evidently 
tliat  should  be  -^  gram  instead  of  1^,  as  that  would  have  been 
fatal  anyway  without  any  electric  current. 

In  regard  to  death  from  direct  current,  none  of  us  can  give 
the  answer  desired,  because  none  of  us  has  been  killed  yet,  out 
I  saw  a  man  come  very  near  it  once  with  a  current  impressed  by 
about  750  volts.  It  could  not  have  been  much  more  than  that, 
and  how  much  less  I  cannot  state,  because  I  do  not  know  what 
the  resistance  of  his  body  was.  The  conditions  were  these :  A 
lar^  storage  battery  had  been  placed  in  series  for  the  purpose  of 
testing,  and  I  had  the  terminals  of  the  system  in  my  hand,  both 
hands  wet  with  the  weak  sulphuric  acid  solution,  giving  very  good 
-contact;  and  one  of  those  inquisitive  individuals  who  are  constantly 
opening  and  shutting  switches  to  see  what  will  happen,  pulled 
down  the  main  switch  which  was  located  in  an  adjoining  room  of 
humble  name  but  undoubted  utility,  and  left  me  in  the  circuit. 
I  was  knoeked  insensible.  Some  one  who  happened  to  be  near 
by  pulled  me  off  the  circuit,  and  I  came  to.  I  will  not  take  the 
time  of  the  Institute  in  describing  my  feelings.  In  fact  I  do 
not  think  I  am  adequate  to  it  this  morning.  But  it  was  a  case  of 
severe  shock  producing  insensibility  by  a  pressure  of  something 
like  750  volts ;  my  hands  were  not  badly  burned.  Two  or  three 
times  in  my  experience  I  have  got  afoul  of  arc  light  currents. 
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I  remember  not  long  ago  doing  one  of  those  foolish  things  which 
some  of  us  will  do  sometimes.  I  was  standing  at  a  T.-H.  arc 
machine  adjusting  the  brushes  on  the  right  side  and  happened  to 
notice  the  oil  cup  dripping  into  the  air-blast  was  not  feeding, 
and  instantly  I  reached  over  to  adjust  the  oil  cup  with  one  hand 
and  held  onto  the  brush  with  the  other,  and  was  brought  directly 
across  the  circuit.  It  was  a  shunt  aciross  the  20-lignt  machine,, 
with,  I  think,  18  lights  burning  at  the  time.  *  It  did  not  produce 
insensibility.  So  me  storage  battery  current  at  a  comparatively 
low  voltage  does  produce  a  more  serious  efEect,  or  it  did  in  my 
case,  than  the  kick  that  follows  from  an  arc  light  machine,  though, 
of  course,  the  contact  was  not  so  ffood  in  the  latter  case.  There 
is  a  question  I  should  like  to  ask  Dr.  Bleile.  Is  a  fatal  shock 
produced  by  a  momentary  contact  either  with  a  direct  or  an 
alternating  current,  from  the  efEect  upou  the  pneumogastric- 
nerve,  preventing  heart  action  from  going  on,  although  none  of 
the  nervous  or  muscular  mechanism  is  destroyed  ?  Is  death  pro- 
duced by  a  shock  which  does  not  destroy  any  of  the  nerve  or 
muscular  fibre  ?  • 

Dr.  Bleile: — We  have  what  is  known  as  surgical  shock.  That 
is  a  term  familiar  to  all  of  you.  The  pneumogastric  nerve  is  a 
little  peculiar  in  its  action,  as  I  have  already  mentioned,  and  it  is 
particularly  susceptible  to  so-called  reflex  stimulation,  or  excita- 
tion. For" example,  some  of  us,  I  dare  say,  have  run  through 
buildings  in  course  of  construction  and  fallen  through  and  struck 
a  joist,  and  had  "'that  tired  feeling"  known  as  fainting.  That 
fainting  feeling  is  due  to  momentary  suspension  of  heart  action 
through  a  reflex  eflfect  coming  by  means  of  the  pneumogastric 
nerve,  the  bundle  of  nerves  through  there  being  in  pretty  direct 
communication.  Then  we  have  another  set  of  nerves  connected 
with  the  teeth,  branches  of  the  fifth  pair,  and  that  accounts  for 
the  deaths  that  often  occur  in  the  dental  chair.  A  tooth  is  ex- 
tracted and  that  produces  a  powerful  impression  on  this  nerve, 
which  passes  bacK  to  the  medulla,  is  reflected  over  on  the  pneu- 
mogastric nerve,  and  stops  the  heart.  The  same  thing  occurs 
sometimes  when  people  fall  dead  on  the  receipt  of  sudden  news 
producing  a  violent  emotion,  either  pleasant  news  or  news  that  is 
unpleasant.  Fainting  is  not  uncommon  under  such  circumstances, 
and  deaths  have  been  reported.  Now,  all  that  comes  from  this 
reflex  eflfect  on  the  pneumogastric;  and  I  think  in  man  another 
eflfect  comes  in,  namely,  the  physical  factor,  something  which 
exists  only  to  a  very  slight  extent  with  the  lower  animals. 
Then  I  think  some  people  are  scared  to  death  in  just  this  way, 
through  fright. 

Prof.  Anthony: — I  should  like  to  ask  a  question.  I  confess 
to  no  knowledge  on  the  subject  myself.  In  regard  to  the  eflfect 
of  the  high  frequency  current,  is  it  certain  that  the  current  does 
pass  through  the  body  ?  When  we  have  a  hi^h  frequency,  does 
the  current  that  we  have  in  the  conductors  outside,  go  through  the- 
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body,  or  does  the  body  act  as  a  sort  of  condenser.     If  the  current 

Sets  into  the  surface,  or  into  the  electrodes  perhaps,  and  really 
oes  not  ffo  through,  then  we  really  do  not  get  as  much  energy 
in  the  body  as  is  represented  by  the  current  that  passes  throupi 
the  wire.  Under  certain  conditions — and  it  does  not  take  a  very 
large  condenser  either — we  could  have  a  condenser  efEect  such 
that  there  was  no  current  whatever  passing  through  the  circuit, 
the  energy  simply  going  into  one  side  and  out  again.  May  not 
the  human  body  act  in  something  the  samcway  with  these  very 
high  frequencies. 

I^EOF.  Thomson: — I  think  I  can  answer  the  question.  I  par- 
ticularlv  arranged  an  apparatus  to  discover  whether  the  action  of 
the  body  as  a  condenser  nad  much  to  do  with  the  phenomena. 
To  dispose  of  the  action  of  the  body  as  a  condenser  we  may  im- 
agine this  condition  of  things :  a  person  on  the  other  side  con- 
nected with  the  other  terminal,  and  an  incandescent  lamp  between. 
If  their  capacities  are  nearly  the  same,  as  they  would  be,  then 
that  incanaescent  lamp  should  not  light  if  the  current  does  not 
pass  through  the  body.  But  the  incandescent  lamp  does  light, 
and  lights  lust  the  same,  and  with  the  same  intensity  as  if  it  were 
interposed  between  one  person  and  a  terminal  and  the  hands 
were  joined,  having  the  same  brilliancy  under  the  same  condi- 
tions. That  indicates,  of  course,  that  the  current  which  carries 
energy  does  pass  through  the  body.  Another  way  in  which,  the 
same  mdication  may  be  arrived  at.  If  the  body  be  supposed  to  act 
as  a  condenser,  how  about  the  arm  that  receives  the  discharge  ? 
The  arm  is  not  the  condenser.  It  must  act  as  the  conductor  to 
a  condenser,  and  it  is  possible  to  take  sparks  that  will  melt  wire, 
that  will  light  incandescent  lamps  to  a  very  high  brilliancy, 
through  the  arm  •  without  producing  any  sensation  in  the  arm. 
Furthermore,  if  the  current  travels  through  the  body  by  being 
confined  to  the  surface,  then  if  the  nerve  sensibility  is  more  ac- 
tive at  the  surface,  we  certainly  should  have  more  effect  at  the 
surface,  unless  there  is  some  peculiar  direction  of  flow  which  pre- 
vents the  carriage  of  the  impression  to  the  nervous  organism.  But 
if  you  take  hold  of  a  handle  of  limited  surface ;  if,  for  example,  a 
metal  tube  be  held  in  the  hand  as  an  electrode,  and  crowd  tlie 
current  to  a  point  at  which  you  will  feel  a  decided  stinging  sen- 
sation, you  do  not  feel  that  current  around  the  edges  of  the  con- 
tact, but  you  feel  it  all  over  the  section,  the  current  is  entering 
throughout  the  section  of  the  skin  exposed  to  the  metal.  This 
indicates  that  the  current  does  penetrate  into  the  tissues,  and 
passes  right  through  the  nerves  oi  sensation  also;  but  it  requires 
a  very  considerable  density  to  excite  them.  One  can  carry  quite 
enough  current  to  light  an  incandescent  lamp  through  the  little 
fin^r,  as  I  have  tried.  I  have  put  a  ring  around  the  little  finger 
ana  lighted  an  incandescent  lamp  by  current  passing  through  the 
finger.  The  contact  surface  was  very  sensitive,  but  the  current 
pa^ed  did  not  harm  the  finger.     One  could  feel  the  sensation  of 
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warmth  throuehout  the  finger,  and  not  alone  on  the  surface  of 
the  finger  either;  apparently  deep  seated.  I  could  not  say 
whether  the  impression  was  exact  or  not,  but  so  far  as  one  can 
judge  it  is  deep  seated,  especially  at  the  knuckles,  where  there 
are  large  bones  producing  resistance.  Furthermore,  if  you  dip 
your  hands  into  brine  up  to  about  the  wrist  and  take  a  heavy, 
high  frequency  current  through  the  body,  the  concentration  of 
heat  at  the  wrist  is  very  noticeable.  One  feels  a  warmth  not  at 
the  surface,  or  as  though  the  current  passed  on  the  outside  skin, 
but  right  in  at  the  bones,  interiorly,  apparently,  where  the  cur- 
rent crosses  the  joint  tissues.  I  think  there  are  plenty  of  instances 
that  I  might  cite  which  indicate  that  we  do  not  have  here  simply 
condenser  action,  but  a  real  conduction  of  current.  Anotner 
thing.  I  constructed  boxes  filled  with  damp  sawdust  to  take  the 
place  of  the  body,  so  as  to  have  them  on  hand,  supposing  that  I 
might  need  them.  It  was  not  always  convenient  to  have  human 
subjects  around.  I  arranged  the  apparatus  (boxes  of  sawdust 
slightly  dampened  with  weak  brine)  witn  metal  plates  for  electrodes 
that  could  be  introduced  deeplv  into  the  sawdust  anywhere  at  all. 
I  found  on  making  the  test  that  I  could  get  indications  of  cur- 
rent flowing  anywhere  between  the  plates  by  introducing  insu- 
lated electrodes  deeply  into  the  sawdust.  Furthermore,  1  replaced 
the  sawdust  boxes  without  otherwise  changing  the  conditions, 
making  the  conditions  absolutely  identical  in  all  other  respects, 
by  water  rheostats,  and  measured  the  elevation  of  temperature  in 
those  rheostats  during  a  certain  interval  of  time,  and  I  found  that 
with  the  water  rheostats  replacing  the  sawdust  box,  under  equal 
conditions  (and  that  is  about  the  only  way  we  can  deal  with  these 
currents),  a  horse-power  of  energy  was  delivered  to  the  water 
rheostat;  that  is,  the  energy  was  delivered  at  the  rate  of  a  horse- 
power, and  that  energy  must  have  been  delivered  to  the  body 
under  similar  conditions  at  the  rate  of  a  horse  power.  Now,  I 
hardly  think  that  such  an  amount  of  energy  could  have  been 
given  to  Jt  by  a  condenser  action.  It  must  have  been  by  some  other 
action,  resistance  of  the  body  opposing  the  current.  So  I  think, 
when  we  look  closely  into  tnis  matter,  and  take  all  these  consid- 
erations together,  we  have  ample  proof  that  there  is  an  actual 
passage  of  a  considerable  current  through  the  tissues  of  the  body; 
perhaps  not  evenly  distributed,  perhaps  following  the  channels 
nearer  the  surface,  perhaps  following  the  blood  streams,  depend- 
ing, of  course,  upon  the  local  conditions. 

Mr.  Blodoett: — Prof.  Anthony  asked,  and  Prof.  Thomson  has 
answered  the  very  question  that  came  into  my  mind,  whether  the 
current  was  confined  to  the  surface  or  whether  it  actually  passed 
through  the  tissues  of  the  body.  In  Prof.  Thomson's  experiment 
where  he  immersed  his  hand  in  salt  water,  and  observed  the  sen- 
sation at  the  wrist,  it  would  seem  to  me  that  if  the  current  was 
strong  enough  to  produce  a  sensation  there,  it  should  have  pro- 
duced it  through  the  whole  section  of  the  arm,  or,  at  least,  at  the 
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joints,  where  there  might  have  been  a  greater  resistance,  or  for 
some  other  reason  the  sensibility  might  oe  greater.  I  would  like 
to  ask  whether  he  did  discover  any  sensation  above  the  point 
where  it  was  immersed  in  the  salt  water. 

Prof.  Thomson  : — The  particular  sensation  that  attracted  my 
attention  at  the  time,  was  at  the  wrist  in  that  experiment,  and  £ 
explain  it  by  the  fact  that  the  section  farther  up  is  continually 
increasing,  while  at  the  wrist  there  is  probably  a  minimum  of 
tissue.  The  bony  mass  there  is  the  major  part  of  the  section, 
whereas  above  the  elbow  there  is  a  much  greater  mass  of  muscular 
and  other  tissues  which  would  be  full  of  conducting  fluid  also.  I 
did,  however,  on  still  further  pressing  the  experiments  by  im- 
mersing the  wrist, — seeing  that  the  wrist  was  the  resistance  in 
circuit, — try  to  get  rid  of  resistance  in  circuit  and  reduce  it  still 
more  by  j)utting  a  portion  of  the  forearm  into  the  brine.  Then 
the  sensation  oi  heat  at  the  wrist  stopped,  and  the  sensation  of 
heat  was  transferred  to  the  forearm  just  above  the  brine.  There 
is  undoubtedly  a  peculiarity  noticeable  in  these  cases,  that  the 
heat  sensation  is  just  above  the  line  of  entrance  of  the  current ; 
at  least  it  appears  so ;  although  in  the  case  of  passing  current 
through  the  little  finger,  the  heat  sensation  appeared  to  be 
throughout  the  finger  and  at  the  joints.  It  is  diflScult,  of 
course,  to  locate  so  indefinite  a  sensation.  It  naturally  is  graded 
off  in  both  directions,  and  all  you  can  say  is,  "  it  is  about  here." 

Mb.  Walter  E.  Harrington: — I  would  like  to  ask  Dr. 
Bleile  if  he  can  explain  a  certain  action  that  the  electric  cur- 
rent has  on  crabs.  I  made  some  tests  on  crabs  a  few  years 
ago  with  A  500- volt  direct  current ;  took  a  lamp  circuit,  five  16 
o.  p.  lamps  in  series,  and  placed  one  terminal  of  the  circuit  on 
the  crab's  back,  and  then  touched  each  one  of  its  fingers  or  legs, 
— I  do  not  know  what  you  would  call  them — and  as  1  touched 
them  they  would  throw  them  off;  throw  them  away  several 
inches.  I  did  that  with  half-a-dozen  different  crabs,  and  never 
have  been  able  to  find  out  the  cause,  or  the  reason,  the  crab  would 
do  that. 

Dr.  Blkile: — Did  I  understand  you  to  say  it  cast  off  the  legs? 

Mr.  Harrington  : — Yes,  throw  them  several  inches. 

Dr.  Bleile  : — Five  hundred  volts  ? 

Mr.  Harrington: — Yes. 

Dr.  Bleile: — A  very  violent  contraction  will  have  that  power, 
or  at  least  there  is  the  ability  to  throw  off  members  by  a  violent 
contraction  of  the  membranes,  and  you  get  excessive  muscular 
contraction  there,  enough  to  throw  them  off. 

Prof.  Thomson  : — I  might  remark  in  this  connection  that  I 
have  understood  that  whenever  another  crab  gets  hold  of  a  leg 
firmly  and  won't  let  go,  the  first  one  throws  off  the  leg,  and  the 
particular  crab  in  question  may  have  thought  that  the  500-volt 
current  he  got  was  another  crab. 

Mr.  Blodgett  : — I  recall  certain  lectures  on  zoology  to  which 
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I  listened  a  good  many  years  ago,  on  a  certain  form  of  land 
spider  tliat  has  that  same  faculty,  namely  the  ability  to  throw^  off 
its  legs ;  if  you  t)ick  one  up  in  your  hand,  it  is  liable  suddenly 
to  drop  off  one  leg  after  another  until  it  wriggles  out  of  your 
hand  with  a  spherical  body  and  no  attachments  whatever,  and 
presently  it  grows  a  new  set  of  legs  at  liis  convenience. 

Mr.  Habbt  Alexander:— On  one  occasion  I  was  testing  a 
motoi;,  600  volts,  and  remember  distinctly  that  the  voltmeter  read 
670  volts.  We  had  a  Weston  ammeter  there,  with  both  binding 
posts  on  one  side,  and  we  had  a  single  pole  switch  for  short-cir- 
cuiting the  ammeter.  At  the  time  I  thought  1  had  short-circuited 
the  ammeter,  and  although  the  motor  was  bein^  tested,  I  at 
once  unscrewed  the  leads  to  place  them  on  an  instrument  of 
smaller  degrees.  I  took  the  lead  leading  to  the  binding  post, 
unscrewed  the  binding  post  and  pulled  it  apart.  I  received  a 
terrific  shock,  and  should  say  held  on  to  it  tor  quite  some  time, 
but  convulsively  I  let  go  of  it,  and  as  I  let  go  of  it,  my  finger 
that  had  hold  of  the  thumb  screw  of  the  ammeter  blistered  up 
quite  perceptibly.  The  way  I  was  affected  by  the  shock  wag 
tnat  for  almost  an  entire  week  I  was  taken  with  severe  vomiting 
spells  as  well  as  convulsions,  generally  in  the  evening  before  re- 
tiring. I  called  in  the  doctor,  but  he  did  not  attribute  it  to 
the  shock.  He  said,  if  I  had  ever  got  the  shock  of  that  voltage 
by  unscrewing  the  ammeter,  I  would  have  been  dead  long  ago. 
He  said  I  was  suffering  from  a  cold  and  had  disarranged  my 
stomach.  So  I  should  like  to  have  the  Doctor  explain  the  effect 
it  had  upon  me,  if  possible. 

Peof.  Crocker  : — I  know  that  I  speak  the  sentiments  of  the 
Institute  in  acknowledging  our  great  indebtedness  to  Dr.  Bleile 
for  this  interesting  and  able  paper.  It  would  have  been  to  his 
own  interest  to  present  it  to  some  medical  journal,  but  our  in- 
terest in  this  subject  is  so  great,  that  we  appreciate  it  highly.  I 
therefore  move  a  vote  of  tnanks  to  Dr.  Bleile  for  his  important 
paper. 

[The  President  put  the  question  on  the  adoption  of  the  motion, 
and  it  was  determined  in  the  affirmative.] 

The  Secretary  announced  that  the  Cataract  Construction  Com- 
pany had  donated  to  the  members  of  the  Instftcte  in  attendance 
at  the  meeting,  copies  of  the  Niagara  edition  of  Gassier^ sMagaziney 
which  would  be  distributed  later. 
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LONG  DISTANCE  TRANSMISSION  AT  10,000  VOLTS. 
(The  Pomona  Plant.) 


BY   GEORGE   HERBERT   WIN8LOW. 


The  Pomona  plant  was  installed  in  the  summer  and  fall  of 
1892  for  the  San  Antonio  Light  and  Power  Company,  of  Po- 
mona, Cal.  It  was  increased  in  the  following  spring,  and  early 
last  year  the  capacity  of  the  plant  was  doubled  by  duplicating  the 
entire  equipment.  At  the  present  time,  when  the  plant  has  been 
in  regular  operation  for  more  than  two  years,  and  its  complete 
success  has  established  confidence  in  the  successful  outcome  of 
many  similar  projects  of  greater  magnitude,  it  seems  fitting  to 
present  a  careful  description  of  the  entire  installation.  The  elec- 
tric plant  was  installed  under  the  personal  direction  of  the  writer, 
as  electrical  engineer,  who  presents  many  of  his  personal  obser- 
vations on  its  construction  and  operation. 

The  plant  is  used  to  transmit  energy  from  a  waterfall  to  sub- 
stations at  Pomona,  13i  miles  distant,  and  San  Bernardino,  28f 
miles  distant,  from  which  points  it  is  distributed  for  incandescent 
and  arc  lighting.  It  consists  of  a  Pelton  water  power  plant  and 
a  Westinghouse  alternating  current  transmission  plant  in  which 
generators  supply  currents  to  sets  of  raising  and  lowering  trans- 
formers operating  at  10,000  volts,  and  delivering  current  to  the 
local  circuits  at  1,000  volts. 

The  water  power  for  this  plant  is  derived  from  the  San  An- 
tonio creek,  which  is  chiefly  supplied  by  the  melting  snows  and 
the  rains  on  San  Antonio  Mountain.  Side  canyons,  however, 
also  furnish  some  water.  The  creek  flows  for  several  miles 
through  a  narrow  valley  at  the  upper  end  of  the  San  Antonio 
canyon  in  a  bed  which  it  has  washed  for  itself  in  the  layer  of 
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boulders  and  gravel  formed  by  the  action  of  an  immensely  larger 
stream  in  past  ages. 

At  the  lower  end  of  the  valley,  a  sharp  ridge  extends  eastward 
from  the  side  of  a  neighboring  mountain,  from  which  it  originally 
split  off,  and  blocks  up  the  valley  except  at  a  narrow  place  at 
which  bed-rock  is  exposed,  and  through  which  the  stream  plunges 
suddenly  downward  at  least  90  feet  between  precipitous  walls  of 
rock,  forming  the  San  Antonio  Falls. 

To  utilize  this  fall,  part  of  the  water  is  diverted  by  ^a  dam 
about  200  feet  above  the  falls  into  a  canal  which  conducts  the 
water  to  a  tunnel  passing  through  the  ridge.  At  the  ether  end 
of  this  tunnel,  the  water  enters  a  large  pipe  leading  to  the  power- 
house, which  is  located  412  feet  below  the  level  of  the  outlet  of 
the  tunnel. 

Pipe-Line. 

A  vertical  projection  of  the  pipe-line,  giving  the  sizes  of  the 
pipe,  is  shown  in  Fig.  I. 


"0  600  ft.  1000  ft.  IfiOO  ft. 

Pio.  1.— Pipe  Line,  Pomona  Plant.    Effective  Head  390  feet. 

The  pipe  is  of  sheet  steel,  double-riveted  throughout,  and  was 
delivered  on  the  ground  in  sections  having  a  length  of  11  feet  6 
inches.  These  sections  consist  of  four  sheets,  each  three  feet 
long. 

The  diameter  of  the  pipe  up  to  within  450  feet  of  the  power- 
house is  SO'^,  with  the  exception  of  the  length  which  connects 
it  to  the  sand-box  at  the  top  of  the  pipe,  which  length  is  consid- 
erably expanded,  so  as  to  allow  the  water  to  flow  slower  on  en- 
tering, and  thus  to  reduce  the  entrainment  of  air.  Near  the 
power-house  a  "  reducer  "  is  inserted  in  the  pipe  to  reduce  the 
diameter  to  2Vy  and  this  size  is  maintained  from  this  point  to  the 
power-house.  The  pipe  was  designed  to  carry  2000  miner's 
inches  of  water  (measured  under  a  head  of  6  inches),  without  un- 
necessary loss  by  friction.  The  capacity  is  equivalent  to  50  cubic 
feet  per  second,  or  1882  h.p.  at  390  feet  effective  head,  assuming 
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a  wlieel-efficiency  of  85  per  cent.  This  is  nearly  three  times  the 
power  for  which  the  present  station  was  built,  bnt  the  extra  ca- 
pacity of  1000  horse-power  obtained  by  increasing  the  capacity 
of  the  pipe  costs  so  little  when  compared  with  the  cost  of  build- 
ing an  entire  new  pipe-line,  that  it  is  much  more  profitable  to  lay 
the  larger  pipe  in  the  first  place,  if  suflScient  water  can  ultimately 
be  developed  to  utilize  the  added  capacity. 

The  thickness  of  the  pipe  is  increased  as  it  Hears  the  power- 
house, to  provide  for  the  increase  in  pressure  in  the  lower  parts. 
At  the  first  bend  it  is  made  greater  than  that  of  the  sections  above 
it  on  either  side,  because  the  pressure  on  it  there  is  greater.  After 
passing  the  second  air- valve,  first  No.  10  and  then  No.  8  steel  is 
used,  the  latter  size  being  continued  to  within  a  short  distance  of 
the  power-house.    The  last  few  lengths  are  of  No.  6  steel. 

The  horizontal  distance  between  the  mouth  of  the  tunnel  and 
the  power-house  is  1940  feet,  and  the  difference  in  level  between 
the  tunnel  and  the  floor  of  the  power-house  is  412  feet.  The  total 
length  of  the  pipe  is  2370  feet. 

The  sections  of  pipe  as  received  from  the  makers  were  coated 
with  asphalt  both  inside  and  out,  and  parts  of  this  coat  were  of 
course  scraped  off  through  rough  handling.  After  the  pipe  was 
laid  and  jointed,  a  man  went  through  it  and  painted  the  joints 
with  hot  asphalt  to  prevent  rusting. 

In  order  to  protect  the  pipe  from  the  great  changes  in  temper- 
ature which  occur  in  the  mountains  between  midday  and  mid- 
night, eartli  and  loose  rock  were  placed  around  and  on  top  of  the 
pipe  without  any  tamping,  and  where  enough  earth  could  not  be 
conveniently  obtained,  brush  was  cut  and  piled  on  the  pipe  and 
covered  with  a  light  layer  of  earth  and  rock. 

The  lower  end  of  the  pipe  is  closed  by  means  of  a  24  in.  Lud- 
low gate-valve,  which  is  bolted  to  a  cast-iron  flange  riveted  to  the 
end  of  the  pipe. 

The  stem  of  the  valve  is  geared  to  a  small  hand-wheel,  partly 
on  account  of  its  weight,  but  chiefly  in  order  that  the  gate  may 
not  be  shut  too  quickly,  as  otherwise  the  pipe  would  be  subjected 
to  severe  strains,  resulting  from  suddenly  checking  the  velocity 
of  the  column  of  water.  For  use  under  heavy  pressures  the 
gearing  is  also  necessary  in  order  to  be  able  to  move  the  valve  at 
all.  The  head  of  water  on  this  plant  is  so  great  that  it  is  impos- 
sible to  open  the  valve  while  the  pipe  is  full,  and  the  receiver 
empty.  It  is  therefore  necessary  to  equalize  the  pressure  by 
filling  the  receiver  through  a  by-pass,  or   to  partially  empty  the 
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pipe  by  meansof  a  relief- valve  attached  to  the  pipe  close  to  the  gate. 
The  relief-valve  is  primarily  designed  to  protect  the  pipe  from  shock 
by  allowing  the  escape  of  a  considerable  quantity  of  water  in  case 
of  an  increase  of  pressure  in  the  pipe ;  such,  for  example,  as 
would  occur  should  any  obstruction  partially  close  the  opening 
of  the  gate.  It  has  a  circular  valve  so  proportioned  tliat  a  slight 
movement  of  it  will  afford  a  large  opening  for  discharge.  The 
valve  is  held  in  place  by  a  weighted  lever,  and  is  set  so  that  a  very 
slight  increase  above  normal  pressure  will  cause  it  to  .open. 

The  gate  is  connected  by  a  tapering  pipe  of  steel  to  a  horizon- 
tal, cylindrical  steel  receiver  20  feet  long  and  42*  inside  diameter, 
from  which  the  water  is  distributed  to  the  wheels.  -  The  object  of 
such  a  large  receiver  is  to  avoid  the  loss  in  head  which  would  be 
occasioned  by  the  eddies  formed  when  drawing  the  water  from 
the  side  of  a  smaller  pipe.  It  also  serves  to  keep  air  from  being 
drawn  into  the  discharge  pipes  in  case  it  accumulates  in  the  re- 
ceiver. (Last  year  the  receiver  was  lengthened  to  48  feet.)  An 
air-valve  is  placed  at  the  top  of  the  receiver.  Two  tapering  cast- 
iron  pipes  (a  large  and  small  one)  are  bolted  to  the  lower  side  of 
the  receiver  at  an  angle  of  30  degrees. 

Water- Wheels- 

The  above  pipes  conduct  the  water  from  the  receiver  to  the 
under  sides  of  two  independent  Pelton  water-wheels,  which  drive 
an  alternating  current  generator  and  its  exciter. 

To  the  end  of  each  pipe  is  attached  a  Ludlow  gate- valve,  the 
stem  of  which  passes  horizontally  into  the  dynamo  room  through 
a  bushing  in  the  concrete  wall.  The  larger  of  the  two  stems  is 
geared  to  a  hand- wheel ;  the  other  is  fastened  directly  to  a  smaller 
hand-wheel.  The  flow  from  each  pipe  can  thus  be  completely 
controlled  from  the  dynamo  room.  The  pipe  running  to  the  gen- 
erator wheel  is  provided  below  its  valve  with  two  nozzles  cast  in 
one  piece,  and  attached  to  the  valve  by  means  of  a  limited  ball- 
and-socket  joint,  which  permits  them  to  be  moved  vertically 
to  deflect  the  water.     (See  Fig.  2.) 

The  pipe  supplying  the  exciter  wheel  has  below  its  gate  a 
throttle-valve,  the  stem  of  which  passes  through  the  wall  into  the 
dynamo  room,  where  it  can  be  connected  to  a  governor.  The 
wheels  are  located  directly  below  the  receiver,  and  above  a  race- 
way which  conducts  away  the  water  after  it  drops  from  the  wheels. 

The  speed  of  a  Pelton  wheel  is  dependent  for  a  given  load 
and  head  of  water  upon  the  amount  of  water  striking  the  wheel, 
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and  therefore  to  maintain  a  constant  speed  this  amount  must  be 
changed  every  time  the  load  changes,  and  in  proportion  to  the 
latter.  In  the  case  of  the  generator-wheel  this  change  is  pro- 
duced by  deflecting  the  water.  Constant-speed  regulation  may 
also  be  obtained  by  throttling  the  water,  as  is  done  in  the  case  of 
the  exciter- wheel.  When  the  water  is  throttled  there  is  loss  in 
efficiency  due  partly  to  the  scattering  of  the  water  as  it  flows 
from  an  aperture  which  it  no  longer  completely  fills  (which  causey 
much  water  to  miss  the  buckets),  and  partly  to  the  loss  of  head 
<»used  by  friction  in  passing  through  the  valve.'  With  the  deflect- 
ing nozzle  there  is  no  loss  of  efficiency  due  to  this  cause.     There 


Fig.  2. — Pelton  Water-wheel  with  Deflecting  Nozzle. 

is,  however,  a  great  waste  of  water  at  light  loads,  since  under 
a  constant  head  the  same  quantity  of  water  must  be  disposed  of 
at  all  loads,  and  for  light  loads  the  greater  part  of  it  is  wasted. 
To  avoid  this  loss  the  use  of  a  reservoir  naturally  suggests  itself. 
It  is  an  unfortunate  fact,  however,  that  high  heads  are  confined  to 
mountainous  countries  and  that  there  a  reservoir  usually  necessi- 
tates a  high  and  consequently  costly  dam.  The  necessity  of 
building  a  dam  to  withstand  freshets  so  increases  its  cost  as  to  make 
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the  use  of  a  reservoir  commercially  impossible  with  high  heads. 
Therefore,  the  water  must  continue  to  be  wasted,  and  the  chief 
apparent  objection  to  deflecting  nozzles  is  seen  to  be  of  no  im- 
portance. 

A  set  of  tips  of  different  diameters  is  supplied  with  each  noz- 
zle, so  that  the  size  of  the  jet  used  may  correspond  to  the  max- 
imum load,  and  thus  unnecessary  waste  of  water  be  avoided.  The 
tips  for  the  generator-wheel  range  from  1^  to  2i  inches  in  diam- 
eter, while  those  for  the  exciter  are  from  ^^  to  f  inch.  When 
tips  are  used  of  the  proper  size  for  the  full  load  there  is  no  need 
of  throttling  at  the  full  load,  and,  therefore,  no  loss  from  this 
cause ;  and  with  the  deflecting  nozzle  there  is  no  waste  of  water 
at  full  load,  so  that  for  full  load  the  two  arrangements  are  equally 
good.  This  is  not,  however,  the  normal  condition  of  operation 
of  a  lighting  plant,  for  in  such  a  plant  each  dynamo  is  driven  by 
a  separate  wheel,  and  the  load  is  constantly  changing,  so  that 
here  the  deflecting  nozzle  has  the  advantage.  The  deflecting 
nozzle  is  also  to  be  preferred  under  high  heads,  to  avoid  the  risk 
of  straining  the  pipe  by  suddenly  checking  the  flow  of  water,  as 
would  be  necessary  with  a  throttle  valve  if  the  entire  load  were 
suddenly  thrown  off. 

Regulation  by  throttling  is,  therefore,  only  advisable  in  cases 
where  the  head  is  not  excessive,  and  where  the  quantity  of  water 
obtainable  is  limited,  as  is  the  case  where  it  has  to  be  stored  in^ 
and  supplied  from  reservoirs,  or  when  the  supply  is  liable  to 
sudden  stoppage.  The  writer  recalls  instances  of  its  value 
in  cases  which  occurred  while  he  was  at  Bodie,  Cal.,  in  the 
fall  of  1893.  There  the  water  was  conducted  4,700  feet  in  an 
open  ditch  to  the  pipe,  and  was  delivered  by  the  pipe  under  35(^ 
feet  head  to  drive  an  electric  generator  for  a  12-mile  synchron- 
ous power  transmission.  In  cold  weather  anchor-ice  would  form 
and  suddenly  block  up  the  ditch  at  some  curve,  and  the  water- 
pressure  would  begin  to  fall  slowly,  owing  to  the  gradual  empty- 
ing of  the  pipe,  which  could  no  longer  be  kept  full  by  the  dimin- 
ished flow  from  the  lower  end  of  the  ditch,  which  now  acted  as  a 
reservoir.  Having  throttle  valves  in  the  nozzles,  however,  very 
little  water  was  wasted,  and  the  plant  was  thus  kept  running 
until  the  ditch  was  cleared,  whereas  with  a  deflecting  nozzle  the 
pipe  would  have  been  quickly  emptied,  even  if  the  gate-valves 
had  been  used  as  throttling  valves  (which  is  feasible  if  the  load 
only  varies  slightly).     Sometimes  the  head  became  so  low  that  it 
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was  necessary  to  throw  off  part  of  the  load  and  to  rnn  at  reduced 
speed,  to  keep  the  motor  in  synchronism. 

Governor. 
As  already  stated,  the  speed  of  the  generator-wheel  is  main- 
tained constant  for  different  loads  by  deflecting  the  stream.  This 
is  done  by  raising  or  lowering  the. deflecting  nozzles  from  the 
the  dynamo-room  by  means  of  a  lever  flxed  to  a  shaft  which 
passes  through  the  wall.  The  position  of  the  nozzles  is  controlled 
automatically  by  means  of  the  Pelton  differential  governor.  Tlie 
ability  of  this  governor  to  keep  the  generator  at  a  practically  con- 
stant speed  depends  on  the  governor  being  driven  at  a  constant 


Fig.  3. — Water- Wheel  Governor. 

speed.  I  BAj  prdcticaUy  constant,  for  there  must  be  some  cliange 
in  speed  before  the  governor  can  act,  and  then  an  appreciable 
time  is  required  for  this  action  to  produce  its  effect.  The  constant 
driving-speed  in  the  present  case  is  furnished  by  the  exciter- 
wheel  shaft.  The  arrangement  for  governing  is  briefly  as  fol- 
lows :  The  generator  is  geared  to  stop  itself  by  turning  the  water 
off  the  wheel,  and  the  source  of  constant  speed  is  geared  to  speed 
up  the  generator  by  a  contrary  action.  These  two  actions  neu- 
tralize each  other  when  the  generator-speed  is  the  same  as  the  fixed 
speed,  bat  when  either  preponderates  the  difference  acts.  Thu.s 
an  increase  in  generator  speed  will  act  to  stop  the  generator, 
while  a  decrease,  by  making  the  flxed  speed  |)re(l()minant,  acts 
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to  speed  up  the  generator.  The  governor  consifits,  in  part,  of 
two  similar  miter- wheels  which  are  mounted  upon  pulleys  and 
placed  face  to  face,  loosely,  u  pon  a  horizontal  shaft,  and  are  driven 
at  equal  speeds  in  opposite  directions,  one  by  the  generator  shaft, 
and  the  other  by  the  exciter  shaft.  The  speed  of  the  pulleys  is 
200  B.  p.  M.  In  Fig.  3  it  will  be  seen  that  between  these  wheels, 
and  at  right  angles  to  the  supporting  shaft,  there  is  fixed  to  the 
latter  a  cross-bar  carrying  two  miter-wheels,  one  at  each  end, ' 
which  mesh  with  the  two  oppositely-revolving  miter-wheels  first 
mentioned.  The  result  is  that  as  long  as  the  two  outside  wheels 
are  revolving  at  the  same  speed,  the  two  central  wheels  will  merely 
revolve  upon  their  axes  without  tencUng  to  move  in  either  direc- 
tion the  bar  upon  which  they  rotate.  Now,  if  the  generator- 
speed  increases,  the  corresponding  side  of  each  central  wheel  will 
have  to  travel  faster  forward  than  the  other  side  travels,  back- 
ward, and  the  diflEerence  between  these  two  movements  will  re- 
sult in  a  movement  of  the  central  wheels  in  the  direction  of  the 
faster  wheel, and  the  cross-bar  will  consequently  move  the  same 
way.  The  shaft  to  which  the  cross-bar  is  attached  will,  of  course, 
turn  with  it,  and  as  this  shaft  carries  a  pinion  meshing  in  a  toothed 
quadrant  connected  to  the  lever  which  controls  the  nozzles,  the 
stream  will  Be  pulled  away  from  the  wheel  until  the  generator 
speed  falls  to  its  normal  value.  This  point  is  quickly  reached 
with  a  full  load,  owing  to  the  drag  of  the  load,  but  for  a  light 
load  the  inertia  of  the  armature  and  wheel  prevents  them  from 
responding  so  readily,  and  the  governor  does  not  act  quite  so 
quickly.  Consequently  the  generator  is  not  only  brought  to  its 
proper  speed  but  is  carried  slightly  above  it,  which  causes  the 
governor  to  reverse,  and  thus  sets  up  a  slight  and  regular  see- 
sawing in  the  speed.  This  see-sawing  will  be  increased  if  there 
is  any  lost  motion  in  the  governor  and  its  connections.  It  will 
also  be  increased  because  for  a  full  head  and  light  load  the  jets  only 
impinge  slightly  on  the  buckets,  andj  since  the  jets  are  round,  and 
their  upper  edges  alone  strike  the  buckets  (which  are  themselves 
curved  in  the  opposite  direction)  a  slight  movement  of  the  gov- 
ernor produces  a  much  greater  change  in  the  speed  of  the  wheel 
under  light  loads  than  when  the  whole  of  each  jet  is  in  use.  This 
effect  of  the  jets  is  more  marked  when  the  governor  is  working 
to  cut  down  the  speed  than  when  it  is  increasing  the  speed,  because 
withdrmoing  the  jets  a  given  distance  causes  a  greater  change  in 
the  quantity  of  water  striking  the  buckets  than  would  be  caused 


Digitized  by 


Google 


1805.]        WIN8L0W  ON  LONG  DI8TAN0B  TBANSMISSION  413 

by  advancing  them  an  equal  distance.  The  see-eawing  will  be 
further  increased  if  the  nozzles  are  not  fully  counter-balanced,  as 
they  would  then  tend  to  fall  away  from  the  wheel. 

In  order  to  avoid  see-sawing  it  is  the  practice  in  this  plant  to  re- 
duce the  head  every  morning  during  the  light  load.  Thist  was  at 
first  done  by  opening  the  extra  V  relief -valve  and  allowing  water 
to  escape  until  the  pressure  had  gone  down  to  that  corresponding 
to  the  desired  head.  The  valve  was  then  set  tentatively  until  the 
pressure  became  nearly  constant,  when  the  final  adjustment  was 
made  by  partly  closing  the  valve  on  the  generator-wheel  pipe. 
It  was  afterward  found  that  the  working  pressure  of  the  water 
at  the  nozzle  could  be  sufficiently  reduced  by  the  last  mentioned 
valve  without  also  reducing  the  quantity  of  water  in  the  pipe,  and 
therefore  the  relief  valves  are  no  longer  used  for  this  purpose. 
In  either  case  the  governor  throws  more  and  more  of  the  stream 
onto  the  wheel  to  compensate  for  the  decrease  in  head,  and  the 
see-sawing  stops.  Where  a  double  deflecting  nozzle  is  used,  it 
would  seem  advisable  to  have  in  the  upper  branch  a  throttle 
valve  so  connected  to  the  deflecting  levers  that  when  running  un- 
der light  load  the  valve  would  be  entirely  closed  and  the  regu- 
lation be  attained  by  deflecting  the  open  nozzle.  When  the 
whole  stream  of  this  nozzle  had  came  into  use  and  more  water 
was  required,  the  valve  would  be  opened.  In  this  way  the  water 
would  be  used  during  light  load  under  more  favorable  conditions 
than  obtain  with  a  simple  deflecting  nozzle,  see-sawing  would 
be  avoided,  and  in  case  the  supply  of  w^r  became  less,  either 
suddenly,  as  by  a  sharp  freeze,  or  gradually,  because  of  dimin- 
ished rainfall,  the  water  would  be  used  most  economically  and 
efficiently  during  the  time  of  maximum  load,  which  is  the  critical 
time.  The  effect  of  such  an  arrangement  of  the  nozzles  and 
valves  would  be  to  increase  the  capacity  of  the  plant  for  a  given 
minimum  water  supply,  the  period  of  minimum  supply  being 
precisely  that  in  which  all  possible  economies  are  of  value.  It 
may  be  objected  that  tips  of  such  a  size  should  be  used  as  would 
bring  both  streams  into  full  use  during  maximum  load,  and  that 
then  no  valves  would  be  required,  but  against  this  is  the  fact  that 
the  maximum  load  (particularly  in  a  lighting  plant)  does  not 
reach  the  same  value  every  night  and  that  it  is,  therefore,  always 
necessary  to  use  tips  large  enough  to  meet  the  possible  demand 
of  any  night. 

In  order  to  avoid  breaking  the  teeth  of  the  quadrant  in  case 
the  governor  should  continue  to  act  after  it  has  moved  the  nozzles 
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to  either  their  highest  or  their  lowest  point,  the  pinion  on  the 
governor  shaft  is  mounted  loosely  between  two  laterally  movable 
toothed  ratchets  which  normally  hold  it  in  a  fixed  position. 
"When  the  quadrant  reaches  either  of  its  extreme  positions,  one 
of  these  mtchets  will  be  disengaged  by  an  adjustable  lug  on  the 
corresponding  side  and  end  of  the  quadrant,  and  will  thus  allow 
the  pinion  to  stop,  though  the  shAft  continues  to  turn.  Both 
ratchets  may  be  instantly  disengaged  by  hand,  and  the  position  of 
the  nozzles  be  regulated  by  a  hand-lever  when  starting  up,  or  in 
case  of  accident  to  belts  or  of  decrease  in  head  of  water. 

To  start  the  plant,  the  governor  ratchets  are  first  disengaged, 
and  the  exciter  is  brought  to  a  moderate  speed  ;  the  generator  is 
then  started  and  its  field  is  charged ;  it  is  then  brought  to  about 
three-fonrths  of  its  full  speed,  and  the  speed  of  the  exciter  is 
then  slowly  increased  until  the  cross-bar  on  the  governor  ceases 
to  move.  At  this  moment  the  ratchets  are  thrown  in,  and  the 
governor  takes  charge  of  the  generator-speed.  The  speed  of  the 
exciter  is  now  slowly  increased  to  its  full  value,  which  of  course 
brings  the  generator  to  full  speed. 

The  speed  of  the  exciter-wheel  is  regulated  by  a  small  throttle- 
valve,  the  changes  in  the'position  of  which  do  not  have  any  notice- 
able effect  on  the  pressure  in  the  pipe,  owing  to  the  small  size  of 
the  jet  controlled.  This  valve  is  so  made  as  to  have  an  equal 
pressure  on  each  side  of  its  axis  when  partly  open,  and  hence  caji 
be  moved  from  one  position  to  another  with  little  effort,  which 
makes  it  of  special  value  for  use  with  automatic  governors. 
When  tightly  closed,  however,  the  areas  subjected  to  pressure 
are  no  longer  equal,  and  the  valve  sticks  tightly. 

An  effort  was  made  to  automatically  govern  the  exciter  by 
means  of  a  ball  governor  driven  by  a  belt  from  the  exciter-wheel 
shaft,  and  actuating  the  valve  by  means  of  two  leather  friction- 
cones  acting  alternately  on  a  beveled  disk  geared  to  the  valve,  but 
this  proved  unsatisfactory  and  was  finally  discarded,  chiefly  on 
account  of  the  difficulty  of  maintaining  the  proper  adjustment, 
by  reason  of  the  wearing  away  of  the  cones  and  of  their  swelling 
from  dampness.  The  exciter  was  therefore  controlled  directly 
by  hand  for  a  long  time.  At  present  the  valve  is  worked  from 
a  distance  by  a  simple  electrical  arrangement  devised  by  Mr. 
Imlay,  in  which  advantage  is  taken  of  the  fact  that  when  the 
exciter  is  at  full  speed  the  movements  of  the  valve  necessary  to 
regulate  the  speed  are  small. 
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The  device  consists  essentially  of  two  fixed  solenoids  in  series, 
energized  by  current  from  the  exciter,  and  normally  acting  with 
equal  force  on  two  iron  cores  supported  respectively  at  the  op- 
posite ends  of  a  walking-beam  connected  by  levers  to  the  valve, 
their  normal  function  being  to  keep  the  valve  stationary.  Either 
of  the  coils  may  be  short-circuited  at  will,  by  means  of  a  relay 
controlled  by  two  keys  and  likewise  actuated  by  current  from  the 
exciter.  When  either  coil  is  short  circuited,  it  ceases  to  hold  its 
core,  and  the  core  on  the  other  end  of  the  walking-beam  is 
pulled  down  by  its  own  coil,  thereby  turning  the  valve  in  a  cor- 
responding direction.  In  order  that  this  movement  may  not  be 
too  rapid  the  coils  and  cores  are  immersed  in  oil,  which  causes  the 
coils  to  act  as  dash-pots  to  the  coros ;  by  this  means  the  move- 
ment of  the  valve  may  be  made  as  slight  as  is  desired. 

The  relay  is  not  really  necessary,  but  was  used  to  break  the 
circuit  in  experiments  made  before  the  plan  of  short-circuiting 
one  coil  was  devised,  and  has  been  retained  because  very  con- 
venient. A  momentary  closing  of  either  key  suflBces  to  correct 
any  change  of  speed,  such  changes  being  indicated  by  the  com- 
pensating voltmeter.  The  current  in  the  coils  is  reduced  by  a 
resistance  in  scries  with  them  about  equal  to  that  of  one  coil,  and 
the  current  for  the  relay  is  shunted  from  the  resistance  at  about 
two  volts.  The  current  normally  passing  through  the  coils  and 
resistance,  is  about  two  amperes  at  100  volts  (about  J  h.  p.)  and 
when  one  coil  is  short-circuited,  the  current  in  the  other  increases 
to  three  amperes,  so  that  the  maximum  power  used  is  f  h.  p. 

PowER-HousE. 

The  power-house  is  66  ft.  long  by  30  ft.  wide,  and  has  walls 
12i  ft.  high.  The  walls,  which  are  of  concrete,  were  all  built 
by  tamping  concrete  in  a  space  between  temporary  wooden  walls 
forming  a  mould,  a  few  feet  of  wall  being  built  at  a  time  and  the 
planks  then  loosened  and  raised  to  the  height  of  the  next  section, 
the  walls  being  thus  made  at  the  least  expense  for  timber.  The 
best  English  Portland  cement  was  used.  The  walls  were  consol- 
idated and  cement  saved,  by  the  use  of  well-washed  fragments 
of  rock  imbedded  in  the  concrete.  In  order  to  obtain  the 
greatest  available  fall,  the  power-house  was  placed  as  far  as  pos- 
sible below  the  level  of  the  fall.  This  necessitated  blasting 
into  the  side  of  the  hill  so  far  that  the  entire  wall  next  the  hill 
was  below  the  level  of  the  adjoining  rock. 
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The  station  was  built  to  accommodate  four  120  k.w.  7,200  alter- 
nation, 12-pole,  single-phase  Westinghouse  alternators,  with  their 
full  complements  of  raising-transformers  and  switchboard  appar- 
atus, and  two  exciters.  The  lirst  installation  consisted  of  one 
generator  with  one  90-ampere  125-volt  "I"  exciter,  capable 
of  exciting  the  four  alternators,  and  of  240  k.w.  capacity  of  oil 
transformers  in  40  units  of  6  k.w.,^21  of  these  being  located  at 
the  power-house. 

Tbansfobmers. 

Several  different  methods  of  connecting  the  raising  and  lower- 
ing transformers  were  given  careful  consideration,  the  test  of  ac- 
tual use  favoring  a  series  connection  for  both  primary  and  second- 
ary coils  of  both  sets  of  transformers,  a  plan  which  had  proved 
to  be  thoroughly  reliable  in  its  practical  operation  at  the  West- 
inghouse plant  at  Portland,  Oregon.  It  was  however  decided, 
in  order  to  be  able  to  change  the  initial  pressure  on  the  line  in 
case  of  accident  to  any  of  the  transformers,  to  connect  the  primary 
coils  of  tlie  raising  transformers  in  multiple  to  the  dynamo,  put 
the  line  coils  all  in  series  with  the  line,  and  with  a  similar  set  of 
coils  in  the  lowering  transformers,  and  connect  the  other  coils  of 
the  latter  in  multiple  to  the  distributing  circuits. 

The  next  question  was  what  size  of  transformers  should  be 
used.  Many  small  transformers  meant  less  cost  per  unit  for  re- 
pairs, greater  facility  of  handlins^,  and  greater  flexibility  in  case 
it  were  desired  to  change  the  voltage  on  the  line.  Their  use, 
however,  also  meant  greater  first  cost,  more  complication,  and 
somewhat  lower  eflSciency,  but  these  points  were  outweighed  by 
the  former,  and  a  transformer  unit  of  6  k.  w.  was  chosen.  Each 
transformer  is  contained  in  a  cast-iron  box  provided  with  verti- 
cal outside  ribs,  which  serve  to  stiffen  it,  and  also  to  cool 
the  oil  with  which  the  box  is  filled,  and  which  entirely  covers  the 
transformer.  The  box  is  covered  by  a  cast-iron  lid,  which  has 
conducting  and  radiating  ribs  both  outside  and  in,  the  inner  ones 
dipping  into  the  oil  at  its  hottest  part  and  helping  to  cool  it.  The 
oil  when  heated  rises  through  open  spaces  around  the  coils  and 
spreads  out  in  all  directions,  guided  by  the  ribs  on  the  lids,  and 
sinks  slowly  down  between  the  core  and  the  sides  of  the  box,  thus 
having  ample  opportunity  to  become  cooled.  Each  box  is  pro- 
vided with  a  pet-cock  at  the  bottom,  by  which  to  draw  off  the 
bottom  layer  of  oil,  should  it  become  too  thick  by  evaporation.  It 
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also  has  an  oil-gauge  to  show  whether  the  tops  of  the  coils  are 
completely  covered  without  having  to  raise  the  lid.  The  boxes 
are  supported  upon  a  substantial  timber  frame,  upon  the  top  of 
which  two  iron  bands  serve  incidentally  to  protect  the  wood,  but 
chiefly  to  metallically  connect  the  boxes  to  each  other  and  to  the 
earth,  in  order  to  dissipate  the  static  charge  received  by  the  boxes^ 
which  is  very  unpleasant.  The  core  of  the  transformer  is  con- 
nected to  the  box  by  a  copper  strip  fastened  around  a  block  of 
wood  upon  which  the  core  rests  in  the  box.  To  provide  against 
the  danger  which  would  result  from  accidental  connection  be- 
tween the  primary  and  secondary  coils,  an  insulated  sheet  of  cop- 
per is  placed  between  the  latter  and  close  to  the  dynamo-coil,  and 
is  connected  to  the  core  by  a  tongue  which  is  stuck  between  the 
plates. 

The  line-coil,  of  No.  7  b.  a  s.  gauge  wire,  is  inside  the  dynamo- 
coil,  and  is  kept  everywhere  at  a  distance  of  one-half  inch  from  the 
latter,  the  ground  plate,  and  the  core,  by  walnut  blocks  boiled  in 
paraffin,  between  which  ample  openings  are  left  for  circulation  of 
the  oil.  The  ratio  of  transformation  is  1000  to  450,  so  that  in 
a  bank  of  twenty  transformers  the  dynamo-pressure  required  for 
10,000  volts  on  open  circuit  is  1110  volts,  and  on  full  load 
about  3  per  cent,  more  than  this,  or  1140  volts.  The  space  be- 
tween the  1000-volt  coil  and  the  core  is  one-eighth  of  an  inch. 
The  terminals  of  the  line-coils  are  brought  up  through  the  oil  in 
mica-flbre  tubes  passing  through  heavy  glass  bushings  held  in 
paraffined  wooden  blocks  which  are  attached  to  the  sides  of  the 
boxes.  The  1,000-volt  terminals  are  similarly  supported,  but 
without  glass  bushings.  The  transformers  are  all  connected  in 
multiple  to  the  dynamo-circuit,  which  is  supported  directly  above 
them  on  a  light  pine  framework  which  also  supports  the  fuse- 
blocks.  The  letter  are  single-pole,  and  the  fuse  passes  through 
a  hole  in  a  marble  block,  the  object  of  so  confining  the  arc  being^ 
to  blow  it  out  by  its  own  force.  Only  one  fuse  is  used  on  each 
transformer.  The  secondary  or  line  coils  are  all  connected  in 
series  by  U-shaped  insulated  wire  connections  which  rahj  be  readily 
detached  when  making  periodical  tests  for  insulation  of  terminals,, 
and  which  are  entirely  independent  of  the  frame-work  support- 
ing the  dynamo  circuit.  Accidental  contact  with  the  exposed 
connectors  is  prevented  by  the  framework  above  mentioned,  and 
there  is  an  inflexible  rule  that  the  high  tension  side  of  the  trans- 
formers shall  not  be  touched  under  any  circumstances  whatever 
while  the  dynamo  is  running. 
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Clark's  insulation  is  used  on  all  wires  connected  to  the  trans- 
formers and  to  the  dynamo,  and  the  terminal  wires  of  the  full 
bank,  which  must  often  be  disconnected  for  testing,  are  further 
insulated  by  heavy  glass  tubes  at  points  where  they  might  come 
in  contact  with  other  wires.  All  other  transformer-wires  are 
supported  upon  double-petticoat  glass  insulators,  and  all  dynamo- 
wires  upon  porcelain  knobs. 

Switchboard. 

The  switchboard  is  of  narrow  redwood  boards,  tongued, 
grooved  and  beaded,  nailed  on  a  framework  of  yellow  pine,  the 
latter  supported  on  porcelain  insulators  to  keep  it  dry.  The 
switchboard  outfit  for  one  generator  and  one  exciter  consists  of 
two  120  amp.  fuse  blocks,  an  a.  o.  field  rheostat  with  a  25  amp. 
D.  p.  field  switch  with  fuses,  an  exciter  rheostat,  one  150  amp. 
ammeter  and  a  200  amp.  d.  p.  jaw-switch.  From  this  switch  the 
current  passes  to  two  4-dynamo,  marble  switch-panels  which  are 
connected  in  multiple  to  the  dynamo,  and  are  each  provided  with 
two  pairs  of  contact  plugs.  By  means  of  these  panels  and  of  two 
200  amp.  dynamo-changing  switches  below  them,  any  feeder  can 
be  operated  from  any  dynamo  which  is  connected  to  the  switch- 
panels.  Between  each  panel  and  its  switch  is  a  pair  of  65-ampere 
Wurts  shunt-wire  fuse-blocks,  each  provided  with  an  extra  fuse  and 
shunt  which  can  be  connected  by  inserting  a  plug,  should  it  be 
desired  to  double  the  fuses  during  the  run  on  account  of  over- 
load or  of  weakness  in  the  fuse.  The  remaining  instruments 
on  each  feeder  are  a  voltmeter,  a  No.  1  switchboard-converter  and 
a  150  amp.  type  "  E  "  compensator.  When  both  feeders  were 
run  from  one  alternator,  one  voltmeter  was  connected  to  the  gen- 
erator and  the  other  to  the  feeder,  and  in  this  way  the  amount 
of  compensation  could  be  watched. 

The  oil-transformers  were  tested  before  shipment  with  20,000 
volts  between  the  line-coil  and  the  core,  and  were  then  taken  out  of 
the  oil  and  boxed.  In  order  to  expel  any  moisture  which  might 
have  been  absorbed  by  the  insulation  of  the  coils  or  have  con- 
densed on  the  cores  during  their  long  journey,  the  transformers 
were  connected  in  two  banks  of  ten  each,  the  line-coils  of  eadi 
set  being  connected  in  series  to  the  generator,  which  was  run  at 
a  reduced  speed,  and  the  secondary  coils  each  short-circuited  on 
itself.  The  coils  were  thus  gradually  heated  to  a  point  somewhat 
above  the  boiling  point  of  water,  which  at  that  elevation  waa 
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about  201  deg.  F.  They  were  kept  at  this  temperature  for  a 
«hort  time  and  then  paraffin  oil  of  a  special  grade  (^^  Diamond '') 
was  poured  slowly  into  the  boxes  at  the  edges  so  that  the  coils 
would  begin  to  absorb  oil  at  their  lower  ends,  and  thus  drive  up- 
ward the  air  and  volatile  gases  occluded  by  the  insulation.  The 
transformers  were  then  again  brought  to  their  former  tempera- 
ture, which  caused  expansion  and  partial  expulsion  of  the  air 
remaining  in  the  insulation.  Some  of  the  air  would  however 
<M)llect  under  the  insulation  at  the  top  of  the  coils,  and  had  to  be 
freed  by  mechanical  agitation,  produced  by  stirring  the  folds  of 
insulation  or  by  pounding  on  the  boxes.  The  heat  caused  vola- 
tization  of  some  of  the  lighter  elements  of  the  oil,  these  coming 
to  the  surface  as  bubbles,  just  as  the  air  did  at  first,  and  the  agita- 
tion was  kept  up  at  intervals  until  bubbles  from  this  cause  also 
were  entirelv  eliminated. 

The  20  transformers  were  then  connected  as  they  would  be 
when  in  regular  use,  and  the  two  terminals  of  the  line-coils,  which 
were  to  give  10,000  volts,  were  connected  in  series  with  one  hun- 
dred 100-volt  lamps,  which  were  then  brought  to  full  candle  power, 
showing  that  the  transformers  were  all  in  good  condition.  A  sim- 
ilar test  was  then  made  at  Pomona  at  the  end  of  the  14-mile 
transmission  line  nmning  to  that  place,  after  which  the  transfor- 
mers there  were  prepared  for  work  in  the  same  way  as  at  the 
power-house,  except  that  the  grouping  and  initial  voltage  were 
changed. 

Lines. 

There  are  two  transmission  lines,  one  13f  miles  long,  which 
supplies  Pomona,  and  another  28f  miles  long,  which  supplies 
San  Bernardino.  (See  Fig.  4.)  Each  line  consists  of  two  No. 
7  B.  &  s.  gauge,  hard-drawn  copper  wires.  The  joints  in  the  wire 
are  made  with  Mclntire  connectors.  To  further  improve  the 
joint,  the  ends  of  the  wires  were  bent  back  side  by  side  and 
iioldered  together.  After  the  Pomona  line  was  completed  and 
the  first  ten  miles  of  the  San  Bernardino  line  was  put  up,  the 
supply  of  connectors  ran  out,  and  the  regular  telegraph  joint  was 
substituted.   The  conductivity  was  assured  by  soldering  as  before. 

The  wires  are  supported  upon  large  double-petticoat  flint-glass 
insulators  designed  for  this  plant.  These  insulators  are  of  per- 
fectly clear  flint-glass,  which  gives  a  better  surface-insuli^ioo 
than  is  attainable  with  any  other  kind  of  glass. 
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It  was  at  first  proposed  to  use  oil  insulators. .  The  reason  they 
were  not  used  was  because  the  glass  companies  which  had  under* 
taken  to  furnish  them,  found  on  trial  that  they  could  not  make 
them  without  considerable  experimenting,  which  would  have  de- 
layed the  installation  of  the  plant.  This  was  no  doubt  fortunate,, 
as  the  country  through  which  the  line  passes  is  subjected  to  hot» 
dry  winds  which  not  only  blow  dust  onto  the  insulators,  but  also 
inside  them,  and  during  the  day  the  sun  beats  on  the  insulators 
until  they  become  so  hot  that  they  nearly  blister  one's  hands^. 
If  oil  were  used  under  these  conditions  it  would  soon  evaporate 
and  thicken,  and  become  filled  with  dust.  It  would  therefore 
seem  undesirable  to  have  used  oil  insulators  in  this  case,  or  to 
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use  them  in  any  other  until  an  increased  voltage  makes  them 
necessary,  and  the  transmission  of  greater  amounts  of  energy 
over  the  circuits  justifies  the  additional  expense  necessary  to- 
keep  the  insulators  in  good  condition. 

The  two  circuits  are  carried  on  the  same  pole  line  for  7i  miles. 
(See  Fig.  4.)  The  inside  pair  of  pins  was  used  for  the  circuit 
to  Pomona,  and  the  outside  pair  for  that  to  San  Bernardino,  until 
after  the  acceptance  of  the  plant,  but  in  anticipation  of  the  instal- 
lation of  another  generator,  the  Pomona  circuit  was  changed  to 
the  right-hand  pair  of  pine,  and  the  San  Bernardino  circuit  to  the 
left-hand  pair,  to  avoid  the  fiuctuation  in  lights  which  would 
result  from  inductive  interference  between  two  independent 
circuits. 
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Commercial  lighting  in  Pomona  was  begun  November  28th, 
1892,  and  a  telegraphic  order  was  at  once  sent  for  another  set  of 
reducing  transformers,  to  be  used  at  San  Bernardino,  where  the 
local  circuits  were  already  nearly  completed.  It  was  a  condition 
of  the  franchise  for  the  latter  place  that  lighting  should  be  be- 
gun before  January  Ist,  and  work  was  pushed  rapidly  on  the 
transmission  line,  over  28  miles  long,  until  it  was  finished.  The 
order  for  transformers  had,  however,  been  given  too  late  for 
them  to  be  delivered  in  time,  and  it  was  decided  to  reduce  the 
pressure  at  Pomona  to  5,000  volts  and  to  take  to  San  Bernardino 
the  half  of  the  Pomona  bank  thus  made  available.  In  order  to 
avoid  the  re-heating  which  would  have  been  required  had  the 
transformers  been  dismounted  for  shipment,  the  latter  were 
hauled  to  San  Bernardino  on  wagons  without  springs,  after  the 
lids  had  been  packed  so  that  the  oil  could  not  splash  out.  The 
transformers  reached  their  destination  after  midnight,  and  the 
next  day,  December  31st,  they  were  connected  to  the  transmis- 
sion line  for  a  few  moments  to  see  that  the  latter  was  all  right, 
after  which  all  tke  lights  on  the  circuit  were  thrown  on  for  the 
night. 

When  the  new  transformers  arrived  they  were  set  up  and 
heated  in  the  same  way  as  the  others.  The  heating  was  con- 
tinued night  and  day  until  complete,  without  interrupting  the 
regular  lighting  service.  The  change  of  both  circuits  to  10,000 
volts  was  made  February  16th,  1893. 

Sub-Stations. 

The  sub-stations  at  Pomona  and  San  Bernardino  are  small  brick 
buildings,  one  story  high,  with  flat  tin  roofs  and  numerous  win- 
dows. The  Pomona  building  contains  two  rooms  connected  by 
A  door  near  the  switchboard.  The  front  room  is  used  as  the  of- 
fice of  the  company,  and  the  other  as  a  transformer  room.  The 
10,000- volt  circuit  enters  over  the  door,  and  is  connected  directly 
to  the  bank  of  lowering  transformers,  no  switches  or  other  appli- 
Ances  being  used  on  the  high  tension  lines  either  there  or  at  San 
Bernardino.  The  switchboard  appliances  are  a  Stillwell  regula- 
tor, two  100-amp.  marble  fuse-blocks  with  double  plugs  and 
fuses;  a  100-amp.  jaw-switch,  150-amp.  ammeter,  compensating 
voltmeter,  compensator  and  converter. 

The  San  Bernardino  sub-station  is  longer  than  that  at  Pomona, 
and  is  not  divided  by  a  wall.     The  transformers  are  placed  in  a 
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row  along  a  side  wall,  and  along  part  of  the  end  wall  next  the 
switchboard.  The  transformers  near  the  switchboard  heat  the 
most.  This  is  probably  due  to  the  slight  drop  in  wiring  between 
them  and  the  more  distant  converters.  During  the  first  year  of 
operation  a  little  new  oil  was  put  into  the^converters  about  every 
four  months  to  make  up  for  that  evaporated,  but  none  of  the  old 
oil  was  drawn  off.  The  switchboard  apparatus  is  like  that  at 
Pomona. 

The  Stillwell  regulator  has  long  been  recognized  as  a  valuable 
adjunct  to  the  central  station  operating  a  number  of  feeders  of 
different  lengths  from  a  single  dynamo.  Its  utility  is  still  greater 
in  a  system  of  long-distance  transmission  in  which  the  transmis- 
sion circuits  are  supplied  from  one  dynamo,  as  was  the  case  in 
this  plant  during  its  first  year  of  operation,  since  it  is  not  practi- 
cable to  install  such  a  system  so  as  to  operate  with  small  line-loss, 
and  therefore  means  must  l>e  provided  to  compensate  for  the 
large  differences  in  the  pressure  at  the  ends  of  the  lines.  The  use 
of  regulators  at  the  power-house  was  impossible  when  but  one 
bank  of  raising  transformers  was  used  for  the  two  circuits.  Even 
when  it  became  possible  by  the  use  of  separate  banks  of  transfor- 
mers, it  was  still  undesirable  because  the  attendant  at  the  power- 
house would  often  have  had  to  work  both  the  regulators  at  once 
to  properly  compensate  for  changes  in  load,  and  his  attention  would 
have  been  required  by  the  regulators  at  exactly  the  time  he  should 
have  been  free  to  attend  to  the  generators.  A  regulator  was  there- 
fore placed  at  each  sub-station,  as  already  stated.  These  are  each 
of  2000  lights  capacity  and  have  a  range  of  10  per  cent,  up,  and 
10  per  cent.  down.  This  variation  of  10  per  cent.  (100  volts)  is 
divided  into  14  equal  parts,  so  that  each  step  corresponds  to  7.1 
volts.  The  diagram  (Fig.  5)  was  taken  one  Sunday,  while  using 
only  5000  volts,  and  shows  the  number  of  changes  required  during 
the  evening  at  each  station.  The  line  marked  *'  off  "  is  the  base 
line,  and  the  divisions  above  and  below  corre8i>ond  to  the  steps 
on  the  dial  and  show  to  what  an  extent  the  regulators  were  used 
to  increase  and  decrease  the  j)re8sure.  This  diagram  shows  how 
impossible  it  would  be  to  furnish  lights  without  using  regulators, 
even  on  Sunday  when  the  load  is  much  smaller  than  on  other  days. 
It  also  shows  that  on  that  day  the  pressure  at  Pomona  was  being 
mostly  reduced  while  that  at  San  Bernardino  at  times  (as  at  the 
point  marked  "very  bad  light")  could  not  be  suflBciently  in- 
creased.    This  indicates  that  the  pressure  of  the  lowering  trans- 
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formers  at  one  of  the  sub-stations  should  be  changed  so  as  to 
make  the  pressures  at  both  more  nearly  equal,  and  thus  increase 
the  effective  range  of  the  regulators.  In  the  present  plant  this 
is  done  by  changing  the  number  of  transformers. 

The  distribution  from  both  sub-stations  is  effected  in  the  usual 
manner  at  lOOU  volts  for  incandescent  lighting,  the  only  point  of 
interest  being,  that  a  considerable  number  of  Helios  arc  lamps  are 
successfully  used  on  the  incandescent  circuits. 

Observations. 

While  in  use,  the  transformers  in  the  sub-stations  give  forth 
a  continuous  hum  which  depends  for  its  tone  on  the  number  of 
alternations.  This  is  an  excellent  indicator  for  the  attendant, 
whose  attention  is  instantly  called  to  any  change  in  the  running 
conditions  of  the  plant  by  the  resulting  change  of  tone.  Its  in- 
dications not  only  mark  changes  which  are  taking  place  and 
which  can  be  detected  on  the  voltmeter,  but  also  give  notice  of 
coming  changes  before  there  is  any  other  indication  of  them. 
It  is  thus  possible  to  foretell  a  coming  drop  in  voltage  in  time 
to  use  the  regulator  and  thus  keep  the  voltmeter  needle  per- 
fectly still,  though  the  voltmeter  is  a  very  sensitive  instrument, 
and  the  regulator  is  often  moved  four  or  live  notches.  The  hum 
often  changes,  however,  without  any  corresponding  movement 
of  the  voltmeter,  but  the  sound  is  then  somewhat  different.  At 
rare  intervals  the  switchboard  lights  will  suddenly  change  slightly 
in  candle-power  before  any  change  is  noticeable  on  the  voltmeter. 

It  is  noticeable  that  the  needle  will  often  stand  for  a  time  per- 
fectly still  on  the  center,  and,  on  a  slight  rise  in  the  humj  will 
start  gently  rising,  never  more  than  three-quarters  of  an  inch,  and 
then  as  the  tone  gradually  becomes  lower,  slowly  fall  back  to 
the  center  and  stop  without  passing  it.  At  other  times  the 
variation  in  hum  is  more  sudden  and  the  needle  will  rise  and 
oscillate  above  the  center.  Again,  the  needle  will  oscillate 
equally  about  the  center  during  a  regular  rise  and  fall  of  hum, 
its  movement  being  apparently  due  to  one  impulse  and  not  seem- 
ing to  be  modified  by  subsequent  variations.  There  is  no  ap- 
parent change  in  candle-power  of  the  lamps  during  the  voltmeter 
changes  noted.  These  notes  were  made  while  the  plant  was  run- 
ning at  only  5,000  volts,  but  they  were  later  confirmed  when 
using  10,000  volts.  During  dry  weather  there  is  considerable 
intermittent  oscillation   of  the  voltmeter-needle  without  there 
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being  any  change  in  load  or  any  other  apparent  cause,  while  in 
wet  weather,  the  needle  remains  perfectly  still  for  many  minutes 
at  a  time,  often  for  as  much  as  half  an  hour.  A  possible  ex- 
planation of  this  oscillation  may  be  found  in  the  presence  of 
static  charges  on  the  line,  due  to  atmospheric  electricity.  That 
the  line  is  often  heavily  charged  from  the  air,  is  shown  by  a  num- 
ber of  observations.  One  afternoon  a  painful  shock  was  ob- 
tained on  touching  the  line  at  tlie  canyon  end,  drifting  clouds 
and  a  strong  wind  being  noticed  in  the  valley.  Again,  while 
using  the  telephone  a  report  was  heard  in  it  so  sharp  as  to  cause 
momentary  deafness.  Later,  after  a  moderate  wind  had  been 
blowing  for  some  time,  loud  reports  were  noticed  on  the  tele- 
phone at  long  intervals.  As  the  wind  l>ecame  higher  the  reports 
came  oftener,  and  the  intervals  between  the  reports  became 
shorter.  It  was  evident  that  there  was  a  discharge  from  the 
lines  through  the  telephone  (which  was  on  a  metallic  circuit) 
and  that  it  depended  on  the  rate  at  which  the  wind  blew.  In 
order  to  get  the  strongest  effect  the  two  wires  were  connected 
in  the  usual  way  to  the  raising  and  lowering  transformers,  and 
one  side  of  the  telephone  connected  to  one  wire.  On  connect- 
ing the  other  side  of  the  telephone  to  ground  a  sharp  report  was 
heard,  and  on  maintaining  the  connection  tliere  was  a  sound  as 
of  steam  escaping  at  a  distance,  with  intermittent  and  very  faint 
crackling.  If  the  ground  contact  was  made  slowly,  there  was 
a  bright  spark  before  the  metals  touched,  and  a  loud  report.  If 
the  fingers  were  interposed  a  smart  shock  was  received.  By 
making  and  breaking  the  ground  connection  rapidly,  the  line  was 
prevented  from  accumulating  a  heavy  charge,  and  no  spark  was 
visible,  though  a  faint  crack  was  heard.  If  a  slight  space  was 
left  between  the  telephone  wire  and  the  ground,  a  spark  occur- 
red at  fairly  regular  intervals,  and  when  the  space  was  lessened 
the  sparks  became  smaller  and  more  frequent.  When  the  wind 
lessened,  the  sparks  and  reports  became  almost  imperceptible, 
but  on  the  wind  becoming  strong  and  blustery  a  large  spark  was 
again  obtained.  When  one  line  wire  was  disconnected  from  the 
transformers  at  Pomona  the  effect  obtained  from  grounding  that 
wire  was  less,  owing  to  the  reduction  in  capacity. 

These  observations,  which  were  made  on  the  Pomona  circuit 
during  hot,  dry  and  cloudless  weather,  show  conclusively  that 
the  lines  were  heavily  charged  by  the  action  of  the  wind.  The 
wind  no  doubt  blows  electrified  air  and  dust  against  the  wires, 
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the  latter  thereby  accumulating  a  static  charge  with  a  rapidity 
which  we  have  seen  depended  on  the  speed  of  the  wind. 

Some  curious  conditions  met  with  in  the  operation  of  the  plant 
are  shown  in  the  ampere  curves  in  Fig.  6,  which  were  taken  dur- 
ing very  wet  weather.  Taking  the  maximum  load  measurements 
at  7  P.  M.  for  March  14th  and  8th,  we  note  that  the  total  appar- 
ent energy  delivered  by  the  sub-stations  is  73  per  cent,  and  75 
per  cent,  respectively,  of  that  delivered  by  the  generator,  while 
for  a  smaller  load  at  9  P.  M.  the  respective  percentages  decrease 
to  47.6  per  cent,  and  48.6  per  cent,  in  spite  of  the  fact  that  the 
apparent  energy  delivered  by  the  generator  is  in  the  latter  case 
only  half  as  great  as  in  the  former.  These  results  are  due  ta 
changes  in  the  angle  of  lag  caused  by  changing  the  load. 

In  the  Cafion  curve  of  March  8th,  the  load  at  9.30  p.  m.  is  seen 
to  have  increased  considerably,  although  the  sub-station  loads 
were  decreasing.  This  increase  was  due  to  the  fact  that  the  rain 
which  had  previously  ceased  to  fall  at  Pomona,  began  again. 

Tests. 

The  electrical  resistance  of  the  Pomona  circuit  is  74.9  ohm^ 
and  that  of  San  Bernardino  156.4  ohms  at  about  90  degrees  F. 

The  insulation  resistance  of  the  circuits  varies  from  far  beyond 
the  limits  of  an  11-megohm  bridge  in  dry,  hot  summer  weather,  ta 
as  low  as  0.65  megohm  during  light  rain.  The  latter  value  is 
that  obtained  with  the  two  San  Bernardino  wires  in  series,  and 
represents  an  insulation-resistance  per  mile  of  over  37  megohms. 
On  a  clear,sunny  day  the  insulation-resistances  of  one  Pomona  wire 
and  of  one  San  Bernardino  wire  were  respectively  11  megohms 
and  5i  megohms,  which  are  in  the  exact  relation  which  would  be 
expected. 

The  lines  cannot  l)e  tested  for  grounds  or  for  continuity  with 
a  magneto  bell,  as  their  capacity  is  such  that  the  bell  will  ring 
loudly  when  the  wire  is  perfectly  insulated  and  the  circuit  open. 
This  capacity  also  prevents  the  use  of  the  ordinary  converter  test 
for  line  leakage,  as  the  lamp  on  the  secondary  will  bum  as  though 
there  were  a  ground  even  when  the  line  is  perfectly  clear.  By 
adding  lamps,  however,  the  light  may  be  cut  down  until  the  last 
lamp  added  extinguishes  them  all.  This  would  not  occur  if  the 
light  of  the  first  lamp  was  due  to  a  difference  of  potential  on  the 
primary  caused  by  a  ground,  as  then  the  added  lamps  would  be- 
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come  as  bright  as  the  first.  The  primary  current  is  thus  seen  to 
be  limited,  and  to  be  due  to  the  capacity  of  the  line.  If  the 
proper  number  of  lamps  has  been  added,  to  just  secure  darkness 
when  the  line  is  known   to  be  free  from  grounds,  the  converter 


m 
70 

00 

60 
M 

caSon 

-^^ 

^^^^ 

-''Tioo 

^ 

\, 

? 

\ 

^ 

N 

•.».+ 

l^ 

\ 

20  V. 

RAINED 
20CO»I^ 
19 
18 

HARDN 
rERTERI 

ARLYA 
••    SAN 

X  NI0H1 

>N 

ONA 

BCRNARJ 

FROMI 
NNO 

TART 

N 

V, 

\ 

tANBD 

K). 

10( 

5V. 

\ 

\ 

^x^ 

^T;^ 

S.B.  +  J 

.Hi»>i 

SO 



^ 

1100 

V. 

» 

\ 

\ 

*^O017 

w,. 

AMP. 

SO 

POMON 

MARCH 

14,  1t9 

\ 

•n^ 

1 

^ 

^     10 
AMP. 

OA 

OH 

laa 

IS^ 

i* 

% 

^^ 

■^•^^ 

IV. 

f-70 
00 
00 

iO 

,.'' 

\ 

\ 

8.B 

+  P. 

y 

\ 

v\ 

s 

/ 

^^ 

\ 

nN^ 

'OV^^ 

^ 

e.BD 

MO. 

i«4a 

V.  ^ 

^ 

N 

'v 

^-^., 

^^^^ 

8.8.+ 

'.)  +  K 

d 

so 

y 

,x^ 

Sv.^ 

K 

k 

\ 

RAir 

INQ 

to 

p<» 

DMA 

^ 

s 

\ 

\ 

36  V. 

RAININQ 

HARD 

MARCH 

•,18M 

"""^  113 

OV. 

AMP. 

5P 

.M.    0. 

90 

\       e.j 

» 

r 

7- 

30 

1           8. 

30 

\          9. 

30         1 

tt        iO. 

30        1 

I          11. 

30      li 

Fio.  6. — Ampere  Curves.  Showing  Excess  of  Oafion  Load  over  the  sum 
of  Pomona  and  San  Bernardino  Loads,  and  also  Decrease  in  Difference 
between  Cafion  Load  and  this  Sum  as  the  Cafion  Load  Increases. 

Notes  on  March  8th.  Raining  in  afternoon  and  nearly  all  night  at 
Pomona.  Snowing  throughout  canyon  and  a  mile  or  so  outside  of  mouth  of 
canyon.  8  inches  of  snow  at  power-house,  covering  insulators  and  cross-arms 
completely.  1  inch  of  snow  on  wires.  Snow  damp  and  clinging.  No  wind. 
20  converters  at  Cafion,  19  at  Pomona  and  at  San  Bernardino. 


may  be  used  to  show  grounds  on  that  line,  since  the  presence  of  a 
ground  will  cause  all  the  lamps  to  brighten.  The  line  test 
should  only  be  made  after  ascertaining  with  one  lamp  that 
the  generator  is   not  grounded,  as  otherwise  the  leakage  cur- 


Digiti 


ized  by  Google 


428  WIN8L0W  ON  LONG  DISTANCE  TRANSJflSSION  [June  27. 

rent  for  the"greater  number  of  lamps  might  burn  the  msulation 
of  the  generator.  A  very  good  example  of  Prof.  Fleming's 
*'  condenser  effect"  was  met  with  in  the  summer  of  1893,  while 
the  engineer  was  trying  this  converter  test  for  measuring  line 
leakage.  The  primary  of  a  1000 — 100-volt  converter  was  con- 
nected between  the  ground  and  one  terminal  of  the  genera- 
tor, the  other  terminal  of  the  latter  being  connected  to  one 
wire  of  the  Pomona  circuit.     The  resulting  secondarj'  pressure 


LOAD  ON  QEtlCRATOR  IN  KIL0WATT8 


FlO.    7. 


was  30  volts,  which  made  one  lamp  burn  dimly.  When  ten 
lamps  were  turned  on,  the  pressure  dropped  to  14  volts.  When 
all  lamps  were  turned  off  the  pressure  became  ten  times  as  great, 
or  140  volts.  One  generator  brush  was  then  raised,  and  the 
second  wire  of  the  circuit  was  connected  to  the  first.  On  com- 
pleting the  circuit  again  there  was  a  sudden  flash  on  the  arma- 
ture, followed  by  a  crackling  noise  and  a  brush  discharge  which 
lasted  until  the  circuit  was  broken.  The  Pomona  wires  were  then 
disconnected  from  the  dynamo  terminal,  which  was  left  free. 
With  this  arrangement  faint  sparks  and  a  glow  were  noticed,  as 


•Digitized  by  VjOOQIC 


1895.]        WIN8L0W  ON  LONG  DISTANCE  TRANSMISSION  4S» 

though  the  armature  winding  were  grounded  on  the  core,  but  a 
Wheatstone  bridge  test  showed  an  insulation  resistance  of  over 
10  megohms.  Since  then  the  machine  has  been  used  regularly 
and  has  not  broken  down,  so  it  is  evident  the  spark  must  have 
resulted  from  a  sudden  increase  of  the  potential  of  the  armature 
winding  above  that  of  its  core,  which  latter  was  permanently 
connected  to  earth. 

This  sudden  increase  may  be  explained  as  follows.  On  closing 
the  circuit  the  condenser  formed  by  the  line  and  the  earth  began 
to  discharge  through  the  metallic  circuit  afforded  by  the  armature 
and  converter  windings,  but  the  self-induction  of  this  circuit 
checked  the  discharge  so  quickly  as  to  produce  an  excessive 
pressure  which  could  only  be  relieved  by  the  discharge  taking 
place  through  the  insulation  of  the  armature-winding  to  the 
grounded  core,  which  is  what  happened. 

A  similar  test  was  made  on  the  San  Bernardino  wires  in  the  pre- 
vious January  during  dry  weather,  the  only  change  being  that  the 
single  lamp  was  not  turned  oflf.  With  only  one  wire  connected, 
one  16  o.  p.  lamp  came  nearly  to  candle-power.  On  connecting 
the  second  wire  to  the  first  (at  San  B.)  the  lamp  burned  at  full 
candle-power.  Ten  lamps  (the  full  load)  were  then  put  on  the 
converter  and  burned  dimly.  As  they  were  turned  oflf  one  by 
one,  the  others  brightened  until  the  last  lamp  lighted  up  as  be- 
fore. This  test  did  not  cause  any  discharge  on  the  armature,  in 
spite  of  the  fact  that  the  circuit  was  twice  as  long  and  the  capac- 
ity thus  twice  as  great.  The  probable  explanation  of  this  is  that 
the  inductive  resistance  of  the  converter  was  not  so  great  as  in 
the  other  case,  on  account  of  the  single  lamp  being  left  burning. 
It  is  also  possible  that  the  breakdown  in  the  other  test  was 
assisted  by  the  presence  of  copper  dust  on  the  winding. 

A  comparison  between  the  ammeters  used  at  Pomona  and  San 
Bernardino  showed  that  for  readings  above  67^  amperes  the  San 
Bernardino  instrument  read  higher  than  the  other.  As  there 
was  no  reason  for  considering  one  instrument  more  accurate  than 
the  other,  and  no  way  of  telling  which  was  right,  the  San  Ber- 
nardino readings  taken  during  the  test  were  reduced  to  the 
average  of  simultaneous  readings  on  the  two  instruments. 

A  short  test  of  the  Pomona  circuit  was  made  on  April  11th, 
the  results  of  which  are  given  in  Table  I. 

A  preliminary  eflSciency  test  on  the  San  Bernardino  circuit  was 
made  April  13th,  1893,  with  the  results  shown  in  curve  in  Fig. 
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7.    In  this,  as  in  all  the  other  tests,  a  variable  load  was  obtained 
by  the  use  of  a  water  resistance. 

An  efficiency  test  of  the  San  Bernardino  circuit  lasting  five 
hours,  during  which  the  generator  was  kept  at  full  load  or  over- 
load, was  made  April  14th,  1893.  The  voltage  at  San  Bernar- 
dino during  the  tests  was  measured  vdth  a  Weston  portable  volt- 
meter. Readings  were  taken  every  fifteen  minutes,  and  the 
efiiciencies  and  the  corresponding  voltages  for  different  loads  are 

TABLE  I. 

EFPICIENCY    TESTS.      POMONA    CIRCUIT. 

pril  11th,  1898. 


Pomona  (18  Converters). 

Amperes. 

Volu. 

K.  W. 

Amperes. 

Volts. 

K.  W. 

Effideocy 
percent. 

MO 

X18.5 
119.S 

1 100 
1 100 
I  zoo 

13a 

»30.35 

>3«.4S 

105.85 
105.85 
X07.4 

919 

945 
929 

97.»8 
100.01 
99.78 

73.7 

76.73 

75.9 

TABLE  IL 

42i   MILE  TRANSMISSIOX'TRST.      CIRCCJIT  TO   SAN  BERNARDINO,  BY  WAY  OF 
POMONA,  85  MILES. 

May  2ud,  1898. 


Cainon  (ao  Converters). 

San  Bernardino  (18  Converters). 

Amperes. 

Volts. 

K.W. 

Amperes. 

Volts. 

K.W. 

Efficiency 
per  cent. 

95 
96 
100 

xzso 
II30 
taoo 

106.4 
108.5 
iao.o 

«o.75 

78.8 

8t.7 

847 
865 
893 

68,4 

68.16 

78.96 

64.a8 
69.83 

60.8        i 

1 

plotted  in  Fig.  7.  The  most  prominent  feature  of  this  effici- 
ency curve  is  its  irregularity.  This  is,  however,  satisfaetorily 
explained  by  referring  to  the  curve  of  generator  voltage,  on 
which  it  is  seen  that  the  high  efficiencies  correspond  to  high 
voltages,  and  vice-versa. 

It  will  be  noted  that  the  apparent  efficiencies  shown  by  the 
preliminary  test  at  San  Bernardino  agree  very  closely  with  the 
results  of  the  long  efficiency  test  there.  On  calculating  the  ap- 
parent efficiencies  for  different  loads  from  data  obtained  by  lab- 


Digitized  by 


Google 


1895.]        WINSLOW  ON  LONG  DISTANCE  TRANSMISSION  431 

oratory  tests,  and  comparing  them  with  the  measured  apparent 
efficiencies,  it  is  found  that  they  agree  within  three  or  four  per 
oent.  This  very  close  agreement  is  exceedingly  gratifying,  par- 
ticularly when  we  consider  that  the  tests  of  the  plant  were  made 
with  ordinary  commercial  instruments,  and  that  the  laboratory 
tests  were  made  about  a  year  before  the  commercial  tests. 

An  interesting  and  unique  test  was  made  May  2d,  1893,  by 
connecting  the  Pomona  line  wires  in  series  with  the  San  Bernar- 
dino circuit,  and  transmitting  al)out  100  h.  p.  to  San  Bernardino 
by  way  of  Pomona.  The  length  of  the  circuit  was  85  miles,  and 
the  distance  of  transmission  42^  miles.  This  is  the  greatest  dis- 
tance yet  covered  by  any  transmission  since  the  Frankfort  experi- 
ments. The  measurements  are  given  in  Table  II.  The  apparent 
efficiencies  are  much  lower  than  those  indicated  by  calculations, 
as  in  the  latter  no  account  was  taken  of  the  capacity  and  induct- 
ance of  the  circuit.  The  voltage  of  the  generator  as  measured  is 
about  5  per  cent,  above  that  calculated,  and  the  amperes  meas- 
ured, notably  exceed  the  amperes  calculated.  These  results  are 
attributable  to  the  introduction  of  the  Pomona  loop,  which  added 
both  capacity  and  inductance. 

In  order  to  reduce  the  cost  of  operation,  the  San  Antonio 
</0mpany  first  dispensed  with  the  sub-station  attendant  at  Pom- 
ona after  11  p.m.  This  they  did  sometime  before  the  acceptance 
of  the  plant,  after  assuming  the  responsibility  for  any  damage 
which  might  result.  No  trouble  occurred  and,  after  the  accept- 
ance (May  6th,  1893,)  the  same  plan  was  put  in  operation  at  San 
Bernardino.  After  working  in  this  way  for  several  months,  the 
Pomona  station  was  started  in  the  afternoon  and  then  locked  up 
until  the  next  morning.  This  arrangement  was  made  possible  by 
running  the  generator  so  that  the  pressure  would  be  right  at 
Pomona,  the  pressure  at  San  Bemandino  being  kept  right  by  the 
attendant  with  the  Still  well  regulator. 

In  January,  1894,  another  120  k.  w.  generator  was  installed 
with  an  equal  capacity  of  oil  transformers,  and  the  Pomona  and 
San  Bernardino  circuits  are  now  each  operated  from  separate 
^nerators  with  separate  banks  of  transformers  at  10,000  volts. 
Since  this  change  the  San  Bernardino  attendant  has  also  been 
dispensed  with,  and  the  book-keeper  starts  up  in  the  afternoon 
and  then  locks  up  the  station  for  the  night,  as  at  Pomona.  The 
voltage  of  the  lamps  on  each  circuit  is  regulated  by  the  engineer 
4it  the  power-house,  the  generator  pressure  necessary  at  different 
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loads  to  keep  the  lamps  at  the  proper  brilliancy  being  automati-r 
cally  indicated  by  the  compensating  voltmeter  on  each  circuit. 
Thus  after  the  plant  is  started  the  engineer  has  sole  charge. 


The  following  associate  members  were  elected  at  the  meeting 
of  Council  held  at  Niagara  Falls,  June  27th,  1895. 
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ALTERNATING  CURRENT  CURVES. 

BY  CHAS.  E.  EMEBT,  PH.D. 


§  1.  The  sine  curve  used  to  represent  the  variations  in  mag- 
netization, electromotive  force  and  current,  has  the  advantage 
that  the  same  curve  is  applicable  for  each  of  the  three  phenome- 
na and  that*  the  changes  in  sign  and  direction  are  repeated 
periodically,  so  that  differences  in  the  phase  relations  of  the  dif- 
ferent curves  may  be  conveniently  represented  by  the  angles  be- 
tween several  radii  of  a  generating  circle.  The  resulting  trigo- 
nometrical functions  have  enabled  elaborate  general  investigations 
to  be  successfully  carried  on,  and  satisfactory  solutions  have  been 
obtained,  applicable  strictly  only  to  the  conditions  assumed,  but 
which  indicate  the  nature  of  the  variations  which  would  result 
under  different  conditions. 

§  2.  With  sine  curves  the  watts  may  be  obtained  from  the 
current  and  electromotive  force  and  the  difference  in  phase  be- 
tween the  same,  but  for  other  than  sine  curves  this  method  is 
strictly  applicable  only  when  the  current  and  e.  m.  f.  are  in 
phase,  though  very  valuable  practical  results  have  been  obtained 
by  special  methods  involving  "  equivalent  sine  curves "  and  a 
modiiied  or  "equivalent  angle  of  lag."  It  is  therefore  desirable 
to  develop  a  general  system  for  formulating  and  integrating  the 
values  of  the  "  instantaneous  watts  "  applicable  to  curves  of  dif- 
ferent shapes  which  will  include  an  approximate  sine  curve  as  a 
special  case.  Such  a  system  should  avoid  the  necessity  of  using 
"equivalent"  values  and  enable  the  distortions  of  alternating 
current  curves  to  be  explained  directly,  by  formulating  the  con- 
ditions which  produce  the  same  instead  of  considering  arbitrary 
"  harmonics." 

§  3     The  following  is  a  statement  of  the  principal  require- 
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me&ts     of     curves    which    will     fairly    represent    observed 
phenomena : 

I.  The  curve  used  should  at  least  so  resemble  the  experimental 
curve  that,  when  not  superimposed,  it  will  appear  identical  to  the 
eye  on  the  small  scale  used  for  illustration. 

II.  It  is  desirable  that  the  same  function  represent  curves 
greatly  differing  in  appearance,  such  for  instance  as  those 
approximating  rectangular  or .  triangular  shapes  or  the  sine 
form. 

III.  The  function  should  be  of  a  kind  that  the  resulting  equa- 
tions, showing  instantaneous  values  of  electromotive  force  and 
current,  can  readily  be  multiplied  together  to  show  instantaneous 
watts. 

IV.  The  originaj  and  all  resulting  equations  should  be  readily 
integrated  by  inspection  so  that  the  total  watts  or  other  desired 
quantities  can  he  obtained  directly  from  such  equations. 

V.  The  function  and  resulting  equations  should  bCof  such  kind 
that  further  conditions  may  be  imposed  upon  conditions  already 
embodied,  and  thereby  the  influence  of  hysteresis,  and  other  phe- 
nomena less  striking  but  more  important,  be  expressed  in  the 
form  of  equations  and  resulting  curves,  and  the  influence  of  one 
condition  upon  another  studied  mathematically  in  connection 
with  observed  distortions  of  experimental  curves,  without  chang- 
ing the  general  features  of  the  equations  so  as  to  prevent  inte- 
gration by  inspection  as  previously  stated.  The  object  of  sudi  in- 
vestigations should  be  to  bring  direct  current  formula  and  alter- 
nating current  formulae  for  momentary  values  into  the  same 
shape,  so  that  the  various  conceptions  will  be  simplified  and  the 
modifications  appear  to  be  due  only  to  the  new  conditions 
imposed. 

§  4.  The  writer  has  developed  and  applied  a  simple,  well 
known  algebraic  function  which  appears  to  satisfy  the  first  four 
of  the  five  general  requirements  above  stated,  and  has  made  prog- 
ress with  the  very  many  important  problems  involved  in  the 
fifth  requirement,  but  since  delay  in  obtaining  complete  results  is 
inevitable,  it  has  been  thought  desirable  to  present  in  detail  the 
distinctive  features  of  the  method,  so  far  as  satisfactorily  developed 
in  order  that  it  may  become  familiar  to  others  working  in  the 
same  line,  and  perhaps  have  the  effect,  by  the  introduction  of  a 
number  of  workers,  to  hasten  the  consummation  of  the  desired 
end. 
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§  5.  The  details  of  the  method  will  be  much  more  readily 
comprehended  by  a  preliminary  elementary  presentation  along 
similar  lines  of  matters  already  understood  by  those  familiar  with 
the  snbject. 

§  6.  The  electromotive  force  in  a  conductor  under  the  influ- 
ence of  alternating  magnetism  is  generally  stated  to  be  at  any 
instant,  proportioned  to  the  rate  of  change  in  magnetic  induction^ 
which  is  equivalent  to  the  rate  of  change  of  magnetism  or  in  the 
number  of  magnetic  lines  of  flux  included  at  the  moment  in  the 
circuit. 

§  7.  In  Fig.  1,  e  represents  a  curve  of  alternating  e.  m.  f.  and 
on  the  corresponding  curve  of  alternating  magnetism.  A  com- 
plete period  is  represented  by  four  divisions,  those  included  be- 
tween ordinates  a  a,  for  instance,  laid  off  on  the  axis  of  abscissa 
X  X.  Measurements  to  the  right  from  an  origin  to  be  fixed  by 
the  conditions  are  herein  to  be  considered  plus,  and  those  to  the 
left,  minus,  as  customary  in  geometrical  delineation  ;  the  varia- 
tions being  as  if  an  ordinate  to  ma/rk  the  time  were  moved  cloch- 
wise  across  the  ourves  proportionally  to  the  time.  The  ordinates 
of  the  curve  e  represent  the  mometary  values  of  the  variable  e. 
M.  F.,  and  the  number  of  lines  flowing  momentarily  in  the  mag- 
netic circuit  is  represented  by  the  ordinates  of  the  curve  of  mag- 
netization m. 

S5  8.  It  is  well  known  that  the  rate  of  change  of  a  variable 
ordinate  of  a  curve  is  represented  by  the  tangent  to  such  curve, 
and  the  equation  of  the  tangent  is  the  differential  of  the  equa- 
tion of  the  original  curve,  so,  since  the^curve  e  represents  the 
rate  of  change  of  the  ordinates  of  the  curvie  m,  the  equation  of 
the  curve  e  is  the  differential  equation  of  the  equation  of  curve 
m  and  the  ordinates  of  curve  e  represent  proportionally  the 
values  of  the  tangents  of  curve  in.  When  the  value  of  the  mag- 
netization in  is  zero,  as  at  a,  the  tangent  to  the  curve  is  a  maxi- 
mum and  the  ordinate  of  the  curve  e  of  k.  m.  f.  is  also  a  maxi- 
mum. Again,  when  the  magnetization  is  a  maximum,  as  at  or- 
dinate ft,  the  tangent  to  the  curve  is  zero  and  the  k.  m.  f.  shown 
by  curve  e  is  also  zero. 

§  9.  The  curves  m  and  e,  as  drawn,  are  based  on  sine  func- 
tions and  are,  therefore,  similar  and  equal,  but  located  one-quar- 
ter phase  apart  along  the  time  axis.  If  any  other  than  a  sine 
function  be  employed,  the  two  curves  are  dissimilar,  but  the 
equation  of  e  will  still  be  in  the  differential  equation  of  the  equa- 
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tion  of  curve  m,  and  the  two  curves  be  at  a  quarter  phase  the 
same  as  before. 

§  10.  Sine  curves  for  rectangular  coordinates,  Fig.  1,  may  be 
considered  generated  by  moving  a  time  ordinate  uniformly  from 
left  to  right  land  Involving  clockwise  at  the  same  time  a  gener- 
ating radius  ?*,  Fig.  Irt,  uniformly  about  a  center  q  and  plotting 
the  ordinates  of  the  two  curves  in  Fig.  1  from  the  sines  and  co^ 
sines  of  the  arcs  through  which  the  radius  r  is  moved  in  Fig.  \a: 
In  these  figures,  as  drawn,  the  radius  r,  Fig.  1«,  should  be  moved 
through  90®  in  the  same  time  that  the  imaginary  time  ordinate  is 
moved  one  division  in  Fig.  1.  The  method  of  revolving  two 
generating  radii  fixed  90°  apart  will  evidently  give  the  same  re- 
sult as  by  using  the  sine  and  cosine,  but  the  latter  is  required  in 
the  mathematical  treatment  of  the  subject. 

§  11.  If  for  sine  functions  d  =  the  angle  through  which  the 
genemting  radius  is  moved  uniformly,  or  proportionally  to  the 


Fig.  1 


timCj  the  fundamental  equation  applies  to  the  value  of  the  mag- 
netization and  we  have 

y  =  sin  a?  =  m  =  sin  tf .  (1) 

dy         d  sin  d  /»  ,c%\ 

-j^  =  =  ^  ==  cos   e,  (2) 

dx  d  0  ,        ' 

§  12.  The  equations  show,  that  at  any  particular  moment, 
the  ordinate  of  a  sine  curve  of  magnetization  simply  equals  the 
sine  of  the  angle  through  which  the  generating  radius  r  has  been 
moved,  and  that  the  corresponding  ordinate  of  the  curve  of.  e.  m. 
F.  which  equals  the  tangent  of  the  curve  m,  plotted  in  a  system 
of  rectangular  coordinates,  Fig.  1,  is  equal  to  the  cosine  of  the 
angle  through  which  the  generating  radius  has  been  moved, 
thereby  confirming  the  previous  statement. 

§  13.  Sine  curves  plotted  from  Eqs.  (1)  and  (2),  or  as  de- 
scribed, reverse  at  regular  intervals  and  develop  equivalent 
branches  of  what  may  be  termed  a  sinusoidal  curve.     If  it  be  at- 
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tempted  to  use  any  other  than  a  sine  function  as  a  basis  of  a 
representative  curve,  such  curve  can  only  be  applicable  between 
limits.  Evidently,  however,  the  positive  and  negative  branches 
of  any  alternating  curve  are,  if  symmetrical,  in  one  sense  dupli 
cates  of  each  other  and  merely  reversed  and  changed  in  position. 
A  curve  based  on  any  function  may  be  satisfactorily  studied  be- 
tween the  limits  of  tangent  zero  and  tangent  maximum  which 
corresponds  to  a  quarter  period  for  alternating  current  curves, 
and  an  equation  of  such  curve  will  give  positive  and  negative 
branches  which  jointly  extend  through  half  a  period.  Evidently 
such  branches  can  graphically  be  reversed  and  combined  so  as  to 
form  a  curve  reversing  in  direction  regularly  like  a  sinusoidal 
curve,  and  it  is  not  necessary  for  accuracy  to  express  the  whole 
operation  mathematically,  as  all  the  elements  of  the  combined 
curve  required  for  our  purpose  are  included  in  one  of  the  parts 
developed  from  the  formula  between  the  limits  for  which  it  is 
applicable. 

§  14.  In  the  equations  hereinafter  developed,  a  quarter  period 
is  represented  by  the  symbol  «,  the  value  of  which  can  be  changed 
at  will,  but  in  the  calculations,  is  for  simplicity  made  equal  to 
10.  In  the  formulae,  fractions  of  8  are  represented  by  a?,  so  in 
Eqs.  (1)  and  (2),  for  «  =  10. 

«  =  9  a?.  (3) 

§  15.  For  convenience,  a  maximum  diagram  height  of  10  has 
also  been  selected  and  corrections  are  to  l>e  made  for  actual  values 
by  numerical  coefficients.  The  several  curve  values  are  distin- 
guished as  "  diagram  magnetization,"  "  diagram  e.  m.  f."  and 
*'  diagram  current,"  and  provision  made  to  reduce  these  quan- 
tities to  actual  magnetization,  e.  m.  f.,  and  current,  in  practical 
units,  without  intermediate  expression  in  "  absolute  "  measure- 
ments, which  are  evidently  one-tenth  of  the  diagram  units. 

§  16.  With  the  sine  function  it  is  convenient  to  consider  a 
base  of  2  ;r  or  one  complete  period  ;  a  to  a,  Fig.  1,  for  instance, 
For  the  equations  herein  developed  applicable  to  various  curves 
of  very  different  shapes,  a  base  of  one-quarter  period  is  employed, 
which  is  extended  to  one-half  period  by  the  reversals  due  to  neg- 
ative values.  It  should  be  borne  in  mind  at  the  outset  that  the  base 
has  nothing  to  do  with  the  results.  In  all  representative  curves  the 
value  of  the  ordinates  is  stated  in  terras  of  the  base  and  appar- 
ently of  the  time  which  the  base  represents,  but  actually  the  time 
is  not  considered  in  this  way,  as  the  e.  m.  f.  depends  upon  the 
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"frequency"  or  number  of  complete  cycles  per  unit  of  time 
which  is  always  introduced  as  an  arithmetical  factor  independent 
of  the  function.  It  is,  therefore,  necessary  to  divide  out  the 
base,  whatever  system  is  adopted,  before  multiplying  by  the  fac- 
tor of  correction.  In  some  alternating  current  formulae  this  pre- 
caution does  not  appear  to  have  been  taken. 

§  17.  The  general  equations  are  based  on  the  simple  algebraic 
function,^ 

y  =  ^1  aj».  (4) 

§  18.     In  this  and  subsequent  equations 
y  =  in  general  the  variable  ordinate  of  the  curve  considered. 
X  =  the  variable  abscissa. 

Xi  =  the  length  of  base  between  limits  of  integration. 
s  =  one-quarter  the  length  a,  a.  Fig.  1,  or  a  quarter  period 
along  a  time  axis,  but  not  to  be  considered  as  time,  for 
reasons  explained  in  §  16.    Usually  s  is  made  equal  to 
10. 

t^  =  an  arbitrary  partial  exponent,  constant  for  a  particular 
series  of  solutions. 

V  =  the  same  for  equations  of  series  I. 

J.^  =  a  general  constant. 

{fA\  read  function  of  ^,  =  a  factor  introduced  to  reduce 
ordinates  of  the  curve  m  to  actual  magnetic  lines  of 
flux. 

J.  =  a  constant  representing  the  approximate  value  of  {f  A) 
for  the  particular  conditions  considered,  the  modification 
being  necessary  to  obtain  a  solution  of  the  equation. 

^2  =  a  constant  of  reduction  providing  for  the  number  of 
turns,  arithmetical  constants,  etc.,  necessary  to  reduce 
ordinates  of  curve  e  to  actual  values  of  e.  m.  f.  in  prac- 
tical units. 

ilg  =  a  constant  of  reduction  to  provide  for  resistance,  induc- 
tance, etc.,  in  reducing  e.  m.  f.  to  current. 

1.  Some  of  the  remarkable  properties  of  this  function  have  already  been  pointed 
out  by  the  author  in  a  paper  on  "  Rational  and  Empirical  Pormuli  showing  the 
Relation  between  the  Magnetomotive- Force  (^)and  the  Resulting  Magnetization 
(B),''*  Trans.  Am.  Inst.  El.  Enors.  :  June,  1892,  in  which  was  eiven  for  considera- 
tion some  reasons  why  magnetic  lines  should  be  considered  as  a  translatory 
movement  of  an  ether.  (Such  a  theory  is  simply  suggestive.  It  requires  not 
only  that  the  transverse  current  of  Maxwell  be  either  identified  with  or  act  as 
the  cause  of  the  magnetic  lines,  which  may  in  time  be  accepted,  but  it  also  re- 
quires that  the  experiments  of  Herz  be  refcrre<l  to  isauses  other  than  those 
stated,  for  which  tnere  is  as  yet  no  reason  except  the  possible  errors  of  indirect 
methods). 
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D  =  AA^  A^ 

m  =  diagram  magnetization  or  the  length  of  the  ordinates  of 
a  diagram  or  curve  representing  momentary  magnetiza- 
tion. 

M  =  =  actual  magnetization  or  total  nmber  of  magnetic 

lines  momentarily  flowing  in  the  circuit  considered. 
e  =  diagram  e.  m.  f.  or  lengths  of  ordinates  on  diagram  repre- 
senting £.  M.  F. 

/?  fi 

E  = =  actual  e.  m.  f.  above  zero  in  volts. 

s 

c  =  diagram  current  or  the  length  of  the  ordinates  of  a  dia- 
gram representing  current. 

C  =  — ^  =  actual  current  in  amperes. 

-M?  =  ^  (J  =  momentary  diagram  watts  or  the  product  resulting 
from  multiplying  momentary  diagram  current  by 
momentary  e.  m.  f. 

G  =  integral  of  diagram  watts  between  limits  to  be  mentioned. 

Wi  =  average  diagram  watts  by  integration. 

Tr=  — j-~^  ~  actual  watts  in  practical  units. 

§  19.  From  the  function  shown  in  Eq.  (4)  two  series  of  equa- 
tions are  developed,  viz:  Series  I  with  origin  at  zero  of  curve  of 
E.  M.  f.,  and  Series  II  with  origin  at  zero  of  curve  of  magnetiza- 
tion. For  Series  I  the  resulting  curves  do  not  as  closely  resem- 
ble practical  curves  of  magnetization  and  e.  m.  f.  as  those  of 
Series  II,  but  both  are  given  to  show  the  remarkable  properties 
of  the  underlying  function. 

§  20.  For  Series  I,  using  v  as  the  partial  exponent  we  obtain 
preliminary  values  distinguished  by  sub.  1  as  follows: 

.,  =  ||  =  ».,  (6) 

in  which  form  the  origin  must  be  at  zero  of  e.  m.  f.  or  at  ordi- 
nate dj  Fig  1.     Integrating  we  have 

(6) 
The  value  of  the  constant  of  integration  C  is  readily  deter- 
mined from  the  condition  that  when  y  =z  o^  x  =  s. 
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§  21.     For  Series  II.  we  obtain  preliminary  values  as  follows : 

^  =  4^  =  «"  —  a?°.  (7) 

ax 

Integrating  we  have : 

m  =  y  =  s''x— (8) 

In  Eq.  (8)  the  constant  of  integration  has  been  omitted,  as  the 
origin  remains  in  the  same  place  as  in  Eq.  (7). 

§  22.  It  will  be  observed  that  the  values  of  the  ordinates  are 
shown  in  terms  of  the  maximum  base  s.  In  the  calculations 
herein,  s  is  made  equal  to  10,  though  the  symbol  is  preserved  to 
permit  a  ready  change  of  base.  The  maximum  ordinates  vary  in 
the  four  equations  above  given,  so,  for  convenient  practical  appli- 
cation, we  divide  through  by  the  maximum  ordinate  of  each,  and 
multiply  by  «,  so  that  the  ordinates  as  plotted  and  as  shown  by 
the  following  equations  are  in  terms  of  8  or  ordinarily  in  a  scale 
of  10.     We  then  have  the  following : 

§  23.  Series  I.  for  Final  Equations  of  Curves  with  Origin  at 
Zero  of  E.  M.  F..     From  Eqs.  (5)  and  (6). 

e,  =  A._   .^  (9) 

=  — i(«»  +  -  x'  +  '\.  (10) 

§  24.  Series  II.  for  Final  Equations  of  Curves  with  Origin  at 
Zero  of  Magnetization.    From  Eqs.  (7)  and  (8). 

e  =  s--^.  (11) 

m  =  — J—  («"  a?  —  — ; — -  1.  (12) 

US'"     \  -w  +  1/  ^     ^ 

§  25.  If  in  the  equations  of  Series  I.,  v  =  0,  the  curve  of  e. 
M.  F.  or  e  is,  as  shown  in  Fig.  2,  a  rectangle,  and  the  curve  of 
magnetization  m  a  triangle,  the  phase  relations  in  all  cases  being 
as  described  for  Fig.  1 . 

§  26.  If  in  Series  I.,  'y  =  1,  the  curve  ^,  as  sliown  in  Fig. 
4,  becomes  a  triangle  and  the  curve  m  an  ordinary  ps^bola. 
The  parabola  very  much  resembles  a  sine  curv^e  when  one  is  not 
superimposed  upon  tlie  other.     See  J$  31. 

S$  27.  Referring  to  Fig.  3,  for  which  in  Series  I,  r  =  0.5,  it 
will  be  seen  that  as  v  increases  from  0  to  1  the  curve  e  becomes 
pointed  with  rounded  sides  like  the  point  of  an  acorn,  and  the 
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curve  m,  though  retaining  the  rounded  top,  approximates  the 
shape  of  a  triangle. as  the  value  of  v  approaches  unity.  For 
V  =  0.75,  however,  m  is  practically  a  sine  curve,  though  the  cor- 
responding  curve  e  retains  the  sharp  point. 

§  28.     As  V  becomes  greater  than  unity  the  curve  of  k.  m.  f.  is 
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Fig.  3.--Series  I. 
tJ  —  0.5. 


in  cusp  form,  viz  :  has  a  sharp  point  with  hollowed  side,  and  the 
curve  m  is  broadened  at  the  top,  so  that  the  curves  resemble 
those  shown  in  Fig.  5. 

§  29.  If  in  Series  II,  'w  =  1,  as  shown  in  Fig.  4,  the  curve  of 
E.  M.  F.  or  e  becomes  a  triangle  and  the  curve  of  magnetization  m 
a  parabola,  showing  that  the  values  for  partial  exponent  i^  or  /?  = 
unity  are  for  both  series  of  equations  identical. 

§  30.  As  shown  in  Fig.  5  for  which  u  =  0.5  in  Series  II,  for 
values  of  n  between  unity  and  zero,  the  curve  e  takes  a  cusp  form 
and  the  curve  m  a  rounded  form. 

§  31.     If  in  Series  II  t^  =  2  both  curves  e  and  wi,  as  shown  in 


Fig.  4.— Series  I,  t?  —  1. 
Series  II,  t/  —  1. 


Fig.  5— Series  II,  u  —  0.5. 


Fig.  6,  approach  the  sine  form  represented  in  dotted  lines,  the 
curve  e  being  a  parabola  slightly  greater  in  area  than  a  sine  curve 
and  the  curve  m  consequently  of  slightly  less  area  than  a  sine 
curve. 

§  32.     By  using  a   fractional   exponent,  both  curves  can  be 
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brought  still  closer  to  the  sine  form.  For  u  =  1.781  in  Eq.  (11) 
the  square  root  of  the  mean  square  of  the  ordinates  of  the  re- 
sulting curve  e  is  7.071  or  the  same  as  for  the  sine  curve.  The 
two  curves  being  derived  from  diflFerent  functions,  cannot  abso- 
lutely coincide,  but  the  differences  are  so  slight  that  to  lind  them^ 
the  values  must  be  extended  to  several  decimal  places,  and,  in 
plotting,  the  curves  seem  identical. 

§  33.  If  in  Series  II,  the  value  of  u  be  still  more  increased,  the 
curve  of  magnetization  m  rapidly  approximates  the  shape  of  a 
triangle  and  the  curve  e  of  e.  m.  f.  approximates  a  rectangle,  so 
that  doubtless  for  u  =  infinity,  the  curve  would  take  the  form 
shown  in  Fig.  2  for  Series  I,  -w  =  0. 

§  34.  The  change  above  indicated  is  so  rapid  that  for  u  =  iy 
in  Series  II,  as  shown  in  Fig.  7,  the  curve  e  has  already  taken  the 
general  shape  of  a  rectangle  with  well-rounded  comers,  and  the 
curve  7n  the  general  shape  of  a  triangle  with  rounded  point.  The 
curve  e  resembles  closely  the  curve  of  [electromotive  force  given 
by  a  dynamo  from  which  armature  reaction  has  been  eliminated^ 
B&  shown  in  a  recent  paper,^  and  the  comers  may  be  made  still 
sharper  by  increasing  the  value  of  u. 

§  35.  Unsymmetrical  curves  based  also  on  i^  =  2  in  Eqs.  (11) 
and  (12),  Series  II,  are  shown  in  Fig.  8.  These  curves  are  plotted 
with  the  same  values  of  the  ordinates  as  in  Fig.  6,  but  the  por- 
tion of  the  curve  showing  decreasing  magnetism  and  increasing 
£.  M.  F.  is  plotted  in  a  distance  less  than  a  quarter  period,  and 
the  remainder  of  the  curve  in  a  distance  greater  than  quarter 
period,  so  that  the  sum  of  the  bases  eqi^als  one-half  period.  These 
curves  show  that  the  phase  relation  of  curves  m  and  e  may  be 
changed  simply  by  the  shape  of  the  curve  m  of  magnetization. 
The  plus  and  minus  branches  of  this  curve  must  be  similar  and 
of  equal  area,  but  the  change  of  magnetism  and  of  electromotive 
force  during  the  increase  of  the  latter  need  not  be  at  the  same 
rate  as  during  the  decrease. 

§  36.  It  will  be  observed  that  this  very  large  variety  of  curves^ 
is  finally  derived  from  two  simple  algebraic  equations  for  each 
series,  viz.:  For  Series  1,  Eqs.,  (9)  and  (10)  §  23,  and  for  series 
II,  Eqs.  (11)  and  (12),  §  24.  The  first  equation  of  each  series  i& 
the  differential  equation  of  the  second  equation  of  that  series,. 


1.  Prof.  H.  J,  Ryan  and  Mr.  M.  E.  Thompson  on  "  A  Method  for  Preventing^ 
Armature  Reaction,"  Trans.  Am  .  Inst.  El.  Enors.,  p.  84  ante. 
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but  the  integration  required  to  pass  from  the  first  to  the  second 
is  already  performed,  the  equations  are  complete  and  may  be  util- 
ized at  once  by  simply  substituting  numerical  values. 

§  37.  To  obtain  the  watts,  it  is  first  necessary  to  know  the 
elements  of  a  curve  representing  the  momentary  current  and  the 
phase  of  the  current  in  relation  to  the  machine  e.  m.  f.  Methods 
based  on  the  resistance,  inductance  and  capacity  of  a  circuit  have 
already  been  employed  to  determine  the  phase  relation  of  the 
current  and  the  impressed  electromotive  force,  when  distribution 
caused  by  hysteresis,  etc.,  was  not  considered,  and  as  the  present 
paper  is  confined  to  the  explanation  of  a  method  of  developing 
certain  equations  and  ascertaining  from  those  of  e.  m.  f.  and  cur- 
rent the  work  done  in  watts,  such  purpose  may  be  accomplished 
by  assuming  that  the  current  curve  is  of  the  same  form  as  the 
curve  of  e.  m.  f.  as  is  customary,  and  developing  a  method  to 
determine  the  influence  of  changes  of  phase,  with  the  under- 


PiG.  6.— Series  II,  tt  —  2.  Fio.  7.— Series  II.  n  —  8. 

standing  that  for  the  purposes  of  this  paper  the  phase  angles  are 
to  be  ascertained  by  methods  at  present  in  vogue. 

§  38.  It  is  assumed  as  evident  that  the  work  derived  fron)  an 
alternating  electric  circuit  for  a  particular  apparatus  must  equal 
the  product  of  the  momentary  e.  m.  f.  at  the  main  terminals  and 
the  momentary  main  or  primary  current  flowing  through  such 
apparatus,  which  puts  the  calculations  for  momentary  values  on 
the  same  basis  as  for  direct  current.  In  Fig.  9  the  ordinates  of 
the  curves  e  and  care  intended  to  show  the  momentary  values  of 
the  machine  e.  m.  f.  and  of  the  primary  current  respectively. 
The  ordinates  are  plotted  in  the  scale  of  10  and  are  to  be  cor- 
rected finally  by  arithmetical  coeflicients  given  in  §  18. 
According  to  our  conception  that  the  time  development  is 
illustrated  by  an  ordinate  moving  positively  or  to  the  right,  the 
phase  of  the  current  o  is  behind  that  of  the  e.  m.  f.  e  because  the 
maximum  value  of  the  former  is  reached  later.      The  distance 
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along  the  time  axis  O  N  =  k\&  called  the  diflference  in  phase, 
which  has  a  maximum  value  8  and  is  expressed  in  the  same  scale. 
The  diflEerence  of  phase  referred  to  generating  radii,  as  in  Fig. 
la,  equals  "  the  angle  of  lag,"  the  value  of  which  is 
ip  =zk  -^  8  X  90°. 

§  39.  When  A;  =  0  the  current  and  electromotive  force  are 
in  phase  with  each  other,  so  that  w  '=^  ec  •=•  ^,  Integrating  the 
squares,  either  of  the  value  of  e  in  Eq.  ( LI)  or  by  substitution  in  Eq. 
(23)  hereafter  developed  and  dividing  by  the  maximum  ordinate, 
we  have  the  mean  square  which  is  the  value  Wx  of  the  watts  with 
e  and  c  in  phase.  The  square  root  of  this,  designated  4/  mean*^ 
gives  the  eflPective  voltage  or  current  for  curves  of  different 
forms. 

§  40.  The  mean  square  values  for  all  of  the  representative 
curves  developed,  depend  entirely  upon  the  variable  exponent, 
and  are  connected  with  the  same  by  a  very  simple  relation. 
The  general  equation  is  : 


\/mean«  e  =  (-  /"<^  dx^.  (13) 

For  (?i  m  Eq.  (9). 

For  e  in  Eq.  (11). 

v^;^.  =  [!/•(. --^,)%/.]*     (15) 

=   (1  —     ^    4-     1     Y 

§  41.  The  average  diagram  watts  w^  §  18,  for  e  and  e  in  phase 
are  represented  by  the  square  of  the  mean^  value,  hence  for  a 
sine  curve,  or  the  substantially  equivalent  curve  for  which  u  = 
1.781,  mentioned  in  §  32,  w^  =  7.07P  =  50  out  of  a  maximum 
of  100  which  would  be  obtained  if  a  rectangular  curve  of  e.  m.  f. 
were  possible. 

§  42.  If  for  the  present  investigation  we  assume  'W  =  2  in 
Eq.  (11),  the  resulting  curve  ^,  as  shown  in  Fig.  6,  §  31,  is  a  para- 
bola,  which,  as  stated,  has  a  little  greater  area  than  a  sine  curve, 
the  Vmean^  value  being  7.303  and  the  average  of  the  diagram 
watts  for  k  =  0  or  e  and  c  in  phase  is  -m^i  =  53.33. 

Digitized  by  VjOOQIC 


1895.]       EMERY  ON  ALTERNATING  CURRENT  CURVES. 


445 


§  43.  When  h  =  «  =  10,  making  the  lag  equal  one-quarter  period, 
the  diagram  watts  due  to  the  exciting  current  can  be  calculated 
with  comparative  ease,  as  will  be  explained  hereafter.  When, 
however,  the  phase  is  between  zero  and  s  considerable  detail  work 
is  necessary  to  perform  the  integrations,  for  the  reason  that  the 
equations  are  only  applicable  between  the  limits  plus  and  minus 
8,  The  positive  and  negative  branches  are  symmetrical  between 
these  limits,  but  beyond,  in  either  direction,  the  curve  rapidly 
changes,  developing  infinite  positive  and  negative  branches. 

§  44.    Either  of  the  curves  e  or  c,  Fig.  9,  may  be  generated 


>t-^ 9 


Fig.  8.— Series  II, 
tt  —  2.    (Distorted.) 


Fig.  9.— Series  II,  w  —  2.    JT—  4. 

from  Eq.  (11)  by  making  the  origin  at  the  maximum  value  of  the 
curve  in  each  case.  In  order,  however,  to  formulate  coincident 
momentary  values,  it  is  necessary  that  both  curves  be  refer- 
red to  the  same  origin.  This  is  accomplished  by  giving  sep- 
arate designations  to  the  "  generating  abscissa  "  or  those  necessary 
to  generate  the  two  curves,  and  stating  the  values  of  the  same  in 
terms  of  a  general  abscissa,  x. 

§  45.     In  addition  to  previous  notation  let : 

X  =  generating  abscissa  of  curve  e  of  e.  m.  f. 

a?c  =  generating  abscissa  of  curve  c  of  current. 
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X  =  variable  absciflea  with  zero  at  the  origin  assiimed. 

Also  as  already  mentioned,  §38,  let : 

k  =  '*  difference  of  phase." 

§  46.  The  equations  of  k.  m.  f.  and  current  for  t*  =  2,  after 
substituting  the  generating  abscissa  as  above  in  £q.  (11),  take 
tlie  following  general  form  : 

.  =  !(«»-«.»).  (16) 

c  =  i(^^-x*y  (17) 

$5  47.  Fig.  9  represents  curves  e  and  e  of  e.  m.  f.  and  current 
plotted  in  a  scale  of  10  units  per  quarter  period,  as  per  §  14, 
with  current  lagging  4  units  or  36°  per  §  38,  behind  the  e.  m.  f., 
shown  by  the  fact  that  a  time  ordinate  moved  clockwise  would 
reach  the  maximum  ordinate  of  diagram  current  later  than  that 
of  the  maximum  e.  m.  f.  It  is  convenient  to  fix  the  origin  at 
ordinate  O,  <?,  the  maximum  value  of  the  curve  of  e.  m.  f.,  when 
the  ordinates  of  curve  e  for  a  quarter  period  from  0  to  M^  Fig. 
0,  will  be  developed  by  simply  making  x^  =z  x  in  Eq.  (16)  as 
shown  in  Eq.  (18).  Between  the  limits  M  and  Q  if  x^  =  2s  —  x 
in  Eq.  (16),  as  shown  in  Eq;  (19),  the  ordinates  of  the  resulting 
curve  vdll  be  positive,  as  shown  by  curve  ^  Fig.  9,  and  give  the 
same  numerical  xalues  as  if  negative,  with  the  advantage  that  in 
multiplying  together  the  ordinates  of  e  and  c  to  obtain  the  dia- 
gram watts  between  these  limits,  the  annoyances  due  to  changes 
of  sign  when  multiplying  by  a  negative  variable  are  overcome. 
The  result  should,  however,  be  made  minus,  as  evidently  the  dia- 
gram watts  between  the  limits  are  minus.     (See  §  53). 

S  48.  The  ordinates  of  the  curve  e  will  be  developed  from 
the  same  origin,  O,  with  due  allowance  for  lag  by  making  x^  = 
k  —  a?  in  Eq.  (17)  between  limits  O  and  iT  as  shown  in  Eq.  (20) 
and  Xc  =  X  —  k  between  limits  iTand  Q^  as  shown  in  Eq.  (21). 

S$  49.     The  several  equations  then  take  the  following  form : 

Between  ordinates  O  and  M 

e  =  l(^—A.  (18) 

Between  ordinates  21  and  Q 

,.=^lh  —  (2s  —  xf  V  (19) 
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Between  ordinates  O  and  N 

r  =  1  U  -  (;t  —  xf\.  (20) 

Between  ordinates  N  and  Q 

c  =  \{f-{^-Jcf).      (g^^g,,)       (21) 

§  50.  Evidently  for  symmetrical  carves  the  average  ordinates 
of  a  watt  cnrve  for  a  single  period  or  any  number  of  periods, 
equals  the  average  ordinate  of  a  quarter  period  between  the 
limits  shown  by  the  ordinates  P  and  «/",  for  which  in  this  case 
.r  =  2  and  12  respectively. 

§  51.  The  values  of  the  ordinates  of  the  curves  e  and  c 
between  limits  O  and  e/'as  calculated  from  the  above  equations 
are  given  in  Table  1.  The  right-hand  branches  of  the  curves 
shown  in  Fig.  9  are  plotted  from  the  ordinates  as  calculated  for 
n  =  2,  «  =  10  and  A;  =  4,  it  being  observed  that  the  general 
value  of  X  for  <  Eqs.  (19)  and  (21)  is  applicable  between  a?  =  10 
and  X  =  14.  The  left-hand  branches  are  constructed  in  the 
opposite  direction  from  the  same  ordinates.  There  are  also  given 
in  the  last  column  of  Table  I.  the  products  of  the  several  corres- 
ponding ordinates  ec  :=^  w  or  the  momentary  diagram,  watts  de- 
veloped, which  are  also  plotted  in  Fig.  9  outlining  a  curve  w. 
The  ordinates  of  curve  ^/?  are  in  a  scale  of  100,  but  are  plotted 
on  one-fifth  of  this  scale  for  convenience  of  illustration. 
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SHOWING    TALUKS    OF    GENERAL  AND  GENERATING    ABCISSA  AND  CORRESPONDING 
ORDINATES  OF  CURVES  €  AND  C  IN  FIG.  0.      11  =  2,  A;  =  4. 
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§  53.  The  work  delivered  to  the  apparatus  by  the  generator  is 
represented  by  the  positive  branch  of  the  curve  developed  when 
e  and  c  are  of  like  sign,  but  this  is  ordinarily  diminished  by  the 
smaller  area  of  the  negative  branch  of  the  curve  when  e  and  c 
are  opposite  in  sign,  this  small  amount  of  work  representing  the 
energy  returned  to  the  line  by  the  apparatus. 

§  54.  Evidently  the  area  of  the  watt  curves,  and,  therefore, 
their  average  height,  can  be  obtained  approximately  from  the 
calculated  ordinates,  and  by  increasing  the  number  of  such  or- 
dinates,  or  plotting  a  curve  from  those  already  stated  and  using 
the  planimeter,  still  more  accurate  results  can  be  obtained.  It  is 
gratifying  to  state,  however,  as  indicated  at  the  outset,  that  abso- 
lutely accurate  results  may  be  obtained  by  combining  and  inte- 
grating the  equations.  The  operation,  though  not  at  all  difficult,  is 
a  little  tedious  on  account  of  the  number  of  terms  which  are  de- 
veloped by  expanding  the  binomials,  multiplying  together  the 
equations  of  e  and  c  and  integrating  the  resulting  terms.  By  this 
method,  however,  it  is  possible  to  obtain  as  accurate  results  with 
curves  of  various  forms  as  can  be  obtained  by  the  mean  square 
and  diflference  of  phase  method  with  sine  curves. 

§  55.  If  we  multiply  together  Eqs.  (18)  and  (20),  member  by 
member,  we  obtain  an  equation  of  the  momentary  value  of  the 
diagram  watts  between  Imiits  to  be  explained. 

(22) 
Integrating  we  have : 

"  -tf  +  ^y  w 

§  56.  From  the  limits  expressed  in  relation  to  the  equations 
in  §  49,  Eqs.  (22)  and  (23)  above  would  appear  to  be  applicable 
only  between  ordinates  O  and  iT,  but  since  {h  —  x^  equals  alge- 
braically {x  —  Tcf  (although  k  —  x  does  not  equal  x  —  i),  Eqs. 
(22)  and  (23)  are  really  applicable  between  ordinates  0  and  My 
being  limited  by  the  value  of  ^,  Eq.  (18)  instead  of  the  value  of 
c.  Eq.  (22)  may  be  employed  to  obtain  either  of  the  ordinates  of 
the  watt  curve  or  the  same  may  be  obtained  as  in  Table  I,  by  first 
determining  the  corresponding  ordinates  e  and  c  separately  from 
the  equations  in  §  49  and  multiplying  them  together. 


Digitized  by 


Google 


1895.]       EMERY  ON  ALTERNATING  CURRENT  CURVES.  449 

§  57.  An  integration  of  the  watt  curves  between  ordinates 
P  and  2f  is  readily  obtained  from  Eq.  (23)  between  the  limits^ 
a?  =  2  and  10  respectively. 

The  value  of  the  integrals  will  be  found  to  be  as  follows : 

Q  Wi 

Between  limits  0  and  M, 
aj  =  0and«  =  10 «26.«7       62.(J7 

Between  limits  0  and  P, . 
aj  =  0and«  =  2.    Deduct 178.84       89.42 

Between  limits  P  and  M,    ' 
a?  =  3  and  a?  =  10 447.88       56.98 

§  58.  The  average  of  the  diagram  watts  between  the  same 
limits  equals  the  area  divided  bj  the  base  and  is  therefore : 

Wi  =  G  -^  QOi.  (24) 

In  the  second  column  above,  are  given  the  values  of  Wi  for  each 
integration. 

§  59.  The  next  step  is  to  develop,  by  multiplying  together 
Eqs.  (19)  and  (21),  member  by  member,  an  equation  correspond- 
ing to  Eq.  (22),  the  integral  of  which  Gj  corresponding  to  Eq.  (23), 
will  be  found  to  be  as  follows : 

G  =  ry  dx  =  ^(—4  8'  +  ^a?  —  Se'kx  +  3^i?  +  2i^x 

_,fl^+___2.*»a,--^  +___+_j. 

(25) 

which  is  applicable  between  ordinates  JbT  and  Q. 

§  60.  The  values  of  the  integral  and  average  diagram  watts 
between  ordinates  JU  and  «/",  a?  =  10  and  12  respectively,  on  the 
basis  that  this  integral  is  minus  (see  §  47  and  §  53)  will  be  found 
to  be  as  follows : 

G  wi 

—17.18        —8.59 

§  61.  Adding  the  integral  algebraically  to  that  previously  ob- 
tained, §  57,  we  have  for  the  total  integral  for  oue-quarter 
period  between  ordinates                 )  G  Wi 

PmdJtoru  =  2,  A  =  4 ) 430.65        43.065 

§  62.  When  A  =  10  the  current  lags  one-quarter  phase  be- 
hind the  electromotive  force,  and  but  one  integration  is  necessary 
viz.:  the  one  first  described  where  Eqs.  (18)  and  (20  are  com- 
bined, for  the  reason  that  the  maximum  current  indicating  its 
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phase  will  have  shifted  to  ordinate  Mox  k  =^  10,  and  a  complete 
integration  for  a  whole  quarter  period  is  obtained  by  making  x 
=  10  in  Eq.  (23).  The  result  of  the  integration  for  e  and  c  at  one- 
quarter  phase  or  90°  apart  will  be  found  to  be  ti?!  =  ±  30.67. 

§  63.  For  k  =  0  or  e  and  e  in  phase  Wi  =  53.33  derived  from 
the  Vraean'  value  as  given  in  §  42.  The  same  result  will  be  ob- 
tained by  substituting  a>  =  10,  i  =  0  in  Eq.  (23). 

§  64.  Recapitulating,  then,  we  find  that  for  A  =  0.  or  ^and  c 
in  phase,  §  63,  w^  =  53.33;  for  k  ='4,  §  61,  w^  =  43.065,  and 
for  e  and  c  in  quadrature  A;  =  10,  §  62,  Wi  =  ±  36.67,  the  max- 
imum possible  being  100  as  previously  stated.  The  result  for 
k  =  10  represents  watts  for  excitation.  In  general  the  apparatus 
is  so  proportioned  that  under  these  conditions  the  actual  energy  in 
the  circuit  is  relatively  much  less  in  proportion  than  the  diagram 
watts  above  stated,  which  are  also  to  be  corrected  by  the  intro- 
duction of  the  coeflScients  for  reducing  diagram  values  to  com- 
mercial units  stated  in  §  18.  These  watts  are  of  contrary  sign 
every  alternate  quarter  period. 

§  65.  It  should  be  borne  in  mind  that  the  above  illustrations 
apply  only  to  one  of  the  very  many  forms  of  curves  which  may 
be  obtained  by  varying  the  value  of  u  in  the  equations  given, 
and  for  each  of  these  curves  the  diagram  watts  may  be  found 
directly,  for  any  desired  difference  of  lag,  without  resorting  to 
the  suggestion  recently  made  of  reducing  unusual  curves  to  what 
are  called  "  equivalent  sine  curves." 

§  66.  Evidently,  moreover,  it  is  possible  to  use  a  different 
function  for  descending  and  ascending  branches  of  the  curves, 
thus  producing  unsymmetrical  curves  somewhat  like  those  in 
Fig.  8  (see  §  35)  and  yet  perform  the  integrations,  and  this  func- 
tion may  be  developed  by  imposing  upon  the  original  function  an- 
other function  based  on  the  actual  conditions  which  produce  a  cer- 
tain change,  so  that  the  curves  finally  resulting  will  include  all  of 
the  conditions.  It  has  been  pointed  out  that  the  observed  distortions 
may  be  illustrated  by  imposing  upon  the  primary  function  a  series 
of  harmonics.  To  make  such  a  method  strictly  rational  it  must  be 
shown  that  each  condition  if  formulated  would  produce  the 
equation  of  such  a  harmonic.  It  is  not  probable  that  such  is  the 
case,  but  fortunately  the  present  method  gives  facilities  for 
considering  the  additional  conditions,  whatever  the  general  shape 
of  the  curves  that  will  represent  them. 

^67.     It  is  to  some  extent  unfortunate  that  the  equations  se- 
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lected  do  not  cause  the  curves  to  reverse  direction  jieriodicall  v, 
and  that  the  necessity  of  integrating  between  limits,  and  some- 
what changing  the  fonus  of  equations  for  different  limits  makes 
considerable  detail  work  necessary  to  obtain  the  integrations,  but 
on  the  other  hand  it  is  very  gratifying  that  integratians  can 
be  obtained  at  all  of  quantities  which  so  closely  represent 
actual  rather  than  assumed  conditions.  The  paper  deals  with 
instantaneous  watts  derive  from  instantaneous  values  of  electro- 
motive force  and  current  in  the  same  way  that  similar  deductions 
are  made  for  direct  current.  The  methods  described  of  reducing 
final  results  from  such  values,  though  developed  with  considerable 
labor,  involve  only  mathematics  of  the  simplest  order,  which  can 
readily  be  corrected  if  mistakes  have  been  made,  and  cannot  ap- 
parently give  rise  to  any  difference  of  opinions  as  to  principles 
involved. 
§68. 

TABLE  II. 

DISTINOUISHINO  FEATURES  OP  THE  DIFFERENT  CURVES. 


General  Shape  of 

Curvet  of  B.  M.  P.  and 

Current. 


Triangle 

Sine  Curve 

Approximate  Sine  Curve. 

Parabolic  Curve 

Approximate  Rectangle.. 

Rectangle 


1  Series  I     r  =  i 
\     *♦      H    w  =  I 


I 


Series  II 
'•  11 
'•      11 


J     " 


tt   =  2 

«  =  6 
r  =  o 

«    =    00 


»25 

%   29 

«3i 
«34 

•    33 


Diagram 
Watts 

in  Scale 
of  loj 

e  and  c 

in  pha»e. 


-  Fi.<-  4 


Fig.  6 
"    7 


(■■ 


33-333 

50.000 
50.000 

5J-333 
79.120 

100.00 


Vmean* 

in 
Scale  of 

10. 


Relative 
.  Ratios 
Max. 
to 
EeFectivc 
Voltage. 


5-774 


7.071 

1.414 

7.071 

I.4I4 

7.303 

1.369 

8.895 

1.124 

S$  69.  In  Table  II.  are  presented  the  mean  square  values  and 
mtios  of  maximum  to  effective  voltage  for  a  number  of  curves 
sliown  in  the  various  figures,  together  with  references  to  the 
partial  exponents,  the  figures  and  the  sections  where  the  curves 
are  described.  It  appears  that  the  most  desirable  curve  for  light- 
ing purposes  would  be  a  rectangle  if  the  same  were  practicable. 
The  approximate  rectangle  shown  in  Fig.  9  can  probably  be  ob- 
tained with  alternating  current  machines  designed  for  the  purpose. 
This  curve  would  also  give  greater  power  than  forms  with  less 
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area,  but  it  is  not  probable  that  the  magnetism  coiJd  be  reversed 
with  suflBcient  rapidity  to  secure  proper  reactions  between  the 
field  and  armature. 

§  70.  It  is  thought  that  for  power  purposes  the  increment  or 
decrement  of  magnetism  which  produces  the  e.  m,  f.  should  be 
constant,  which  condition  would  secure  the  maximum  time  pos- 
sible for  each  momentary  change  in  magnetism.  The  second 
differential  coeflBcient  of  a  parabolic  curve  is  constant,  so  our 
first  impressions  were  that  the  curve  of  b.  m.  p.  should  for  power 
purposes  be  a  parabola,  but  on  further  consideration  it  appears 
that,  since  it  is  the  increment  of  change  in  magnetism  which 
should  be  constant,  the  curve  of  e.  m.  f.  should  be  a  triangle  and 
the  cxirve  of  magnetization  a  parabola,  as  shown  in  §  29  and  Fig. 
4.  The  second  differential  coeflBcient  of  the  equation  of  magnet- 
ization, which  equals  the  first  differential  coeflBcient  of  the  equa- 
tion of  E.  M.  F.  represents  the  increment  which  should  be  constant. 
As  the  curve  m  passes  through  zero,  its  tangent,  and  consequently 
the  B.  M.  F.,  is  a  maximum,  the  second  differential  coeflBcient  of 
m  changes  sign  and  becomes  a  decrement,  and  as  the  time  ordin- 
ate moves  from  left  to  right,  the  tangent  to  the  curve  m  or  the 
B.  M.  F.  is  decreased.  Making  this  decrement  equal  to  a  constant^ 
we  have : 

^'  =  4l=_«.  (26) 

(Px         dx  ^    ^ 

Integrating  we  have  the  indefinite  integral  of  the  tangent  to 
the  curve  of  magnetization  which  equals  the  electromotive  force, 
and  finding  the  value  of  the  constant  of  integration,  (7,  from 
the  condition  that  when  a?  =  «,  e  =  0,  we  have  the  corrected  in- 
tegral as  follows : 

^  =  ^  =  C  —  ax  =  a  (s  —  x).  (27> 

ax 

Hence  the  rational  form  of  the  curve  of  e.  m.  f.  for  power 
purposes  is  a  triangle,  if  it  be  accepted  as  desirable  that  the  max- 
imum time  should  be  allowed  for  each  magnetic  change.  Inte- 
grating again  we  have : 


m 


«(*a'-^),  (28) 


which  is  the  equation  of  a  parabola,  as  in  Fig.  4,  and  is  in  the  same 
form  as  Equation  (12),  with  the  exception  of  the  arbitrary  co- 
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efficient  assamed  for  this  case.  The  astonishing  featare  of  this 
part  of  the  investigation  is  the  remarkably  small  difference  in  the 
curve  of  magnetization  required  to  cause  the  curve  of  b.  m.  f.  to 
pass  from  a  sine  curve  to  a  triangle.  When  «  is  a  sine  curve,  m 
is  also  a  sine  curve,  but  when  ^  is  a  triangle,  m  is  a  parabola,  as 
in  Fig.  4,  and  the  difference  between  a  sine  curve  and  a  parabola 
is  only  that  between  the  dotted  and  drawn  line  of  the  curve  e  in 
Fig.  6,  and  variations  of  this  small  difference  applied  to  a  curve 
of  magnetization  will  make  all  the  difference  between  sine  and 
pointed  curves.  The  objection  to  a  triangular  curve  of  electro- 
motive force  is  the  additional  strain  that  it  imposes  on  the  in- 
sulation on  account  of  the  high  relative  ratio  of  maximum  to 
effective  voltage.  (See  last  column,  Table  II.,  §  68.)  Ordinarily 
a  pointed  curve  would  be  used,  resembling  a  triangle  with  a 
rounded  point,  which  it  will  be  seen  by  comparing  Figs.  4  and  6 
would  result  from  Equations  (11)  and  (12,  for  values  of  u  between 
1  and  2.  This  question  cannot  be  fully  settled  mathematically 
without  considering  modifications  due  to  transformation,  but 
the  general  principle  is  well  worthy  of  careful  consideration. 

§  71.  The  author  is  indebted  to  Prof.  Harris  J.  Byan  for  val- 
uable suggestions  during  these  investigations,  though  the  profes- 
sor has  had  no  opportunity  to  examine  the  complete  paper  or 
to  criticise  the  views  of  the  writer  in  detail. 

[For  discussion  see  page  470.] 
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NOTES  ON  THE  KECONSTRUCTION  OF  A  SMALL 
CENTRAL  STATION  PLANT. 

BY  FRANKLIN  L.  POPE. 

The  financial  condition  of  the  smaller  central  station  electric 
lighting  plants  throughout  the  country  is  at  the  present  time  by 
no  means  satisfactory,  and  in  too  many  instances  cannot  even  be 
truthfully  said  to  be  encouraging.  A  survey  of  the  field  shows  that 
very  few  such  plants  located  in  towns  having  less  than  10,000  in- 
habitants are  earning  more  money  than  is  necessary  to  meet 
their  operating  expenses  and  to  provide  for  indispensable  current 
repairs,  fn  the  state  of  Massachussetts,  in  which  the  operations 
of  all  electric  lighting  companies  are  by  law  made  a  matter 
of  public  record,  it  appears  from  the  latest  reports  that  the  ag- 
regate  liabilities  of  the  fifty-seven  companies  operating  in  that 
state,  including  stocks,  bonds,  and  floating  indebtedness,  amounted 
on  June  30,  1894,  in  round  numbers  to  $14,000,000,  nearly  all  of 
which  stands  charged  to  construction  account.  The  net  earnings 
for  ihQ  preceding  year  were  $1,000,000,  or  about  7.1  per  cent,  on 
the  total  investment :  a  sum  obviously  quite  insuflBcient  to  pro- 
vide for  depreciation  and  at  the  same  time  pay  a  fair  dividend  on 
the  capital  which  has  gone  into  the  business.  But  if  half-a-dozen 
of  the  larger  plants,  in  cities  like  Boston,  Lowell,  Worcester, 
Springfield,  Lynn  and  Fall  River  were  excluded  from  the  list, 
the  showing  for  the  smaller  plants  would  be  even  far  worse 
than  it  now  appears. 

Many  of  these  small  plants  were  started  at  an  earlier  day  than 
could  have  been  justified  by  any  reasonable  estimate  of  the  business 
then  in  sight,  and  now  find  themselves  hampered  by  inconvenient 
buildings,  and  with  unsuitable  machinery  bought  at  high  prices^ 
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and  encumbered  with  defective  business  methods  which  experience 
has  shown  to  be  wholly  inconsistent  with  the  dictates  of  good 
judgment. 

With  the  owners  of  many  of  these  plants,  it  has  become  a  very 
serious  question  whether  the  easiest  way  out  of  the  dilemma 
which  confronts  them,  may  not  be  to  relegate  the  entire  plant  to 
the  junk-shop  and  the  scrap-pile,  and  commence  over  again  with 
new  buildings,  modem  machinery  and  improved  methods  of  ad- 
ministration. When  the  necessary  capital  is  readily  forthcoming, 
there  can  be  no  doubt  that  this  would  often  be  the  wisest  course 
of  procedure,  but  for  obvious  reasons,  it  is  one  which  is  not  always, 
nor  even  usually  practicable.  The  alternative  is  to  remodel  the 
existing  plant,  bringing  it  as  nearly  as  may  be  into  accordance 
with  the  best  modem  practice,  and  utilizing  so  far  as  possible, 
the  old  material ;  a  course  which  at  least  has  the  merit  of  avoid- 
ing an  undue  expansion  of  the  construction  account,  in  most  cases 
already  suflSciently  burdensome. 

Having  been  called  upon  during  the  past  year  to  advise  the 
owners  of  a  plant  of  the  character  above  referred  to,  in  reference 
to  certain  changes  which  had  been  suggested  as  desirable,  and 
having  afterwards  been  employed  in  a  professional  capacity  to 
design  the  work  and  superintend  its  execution,  I  have  thought 
that  some  account  of  what  we  undertook  to  do  and  how  we  did  it, 
might  not  be  without  interest  to  the  members  of  the  Institute. 

The  Great  Barrington  (Mass.)  Electric  Light  Company  was 
organized  and  commenced  business  in  1888.  The  population  of 
the  district  intended  to  be  served  was  about  8,000,  and  most  of 
the  expected  consumers  were  located  within  2,000  feet  of  the 
point  decided  upon  for  the  station.  This  was  built  of  wood  in 
the  most  inexpensive  manner  possible,  and  was  placed  alongside 
the  railroad  for  convenience  in  receiving  coal,  although  at  the 
same  time  the  danger  from  tire  was  materially  increased.  The 
original  outfit  was  an  Edison  3- wire,  equipped  with  a  pair  of  250- 
light  nO-volt  dynamos,  and  the  company  commenced  business 
vrith  281  lights  on  contract  at  $10  per  year  each  ;  wiring  free. 
The  center  of  distribution  was  1800  feet  from  the  station,  neces- 
sitating over  a  ton  of  copper  in  the  feeders  alone.  Generally 
speaking,  the  plant  was  well  laid  out,  and  well  built  as  things 
went  in  those  days.  The  two  dynamos  were  belted  to  a  single 
80  H.  p.  Armington  and  Sims  engine.  The  original  cost  of  the 
plant  was  about  $16,000.     The  following  year  a  Schuyler  arc- 
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plant  for  street-lighting  was  added,  carrying  35  arcs,  nominally 
of  1,500  0.  p.,  which  was  run  from  the  same  engine  and  boiler. 
In  1890,  the  plant  was  considerably  enlarged  by  the  addition  of 
a  second  arc  machine,  a  Westinghouse  500-light  alternator,  and  a 
second  engine  and  boiler  of  the  same  capacity  as  the  first.  An 
80  K.  w.  Westinghouse  dynamo  of  more  modern  type  was  after- 
wards substituted  for  the  original  one. 

Upon  examining  the  plant  last  year,  I  found  the  Edison 
machines  carrying  on  Saturday  evenings  a  maximum  load  of  some 
450  lights,  while  three  evenings  in  the  week  (with  the  stores 
closed)  it  fell  to  perhaps  half  that  amount.  The  tw<J  Schuyler 
machines,  with  an  aggregate  capacity  of  55  to  60  lights  were  car- 
rying about  38  to  40,  or  an  equivalent  of  that  amount,  while  the 
Westinghouse  machine  was  seldom  as  much  as  half-loaded,  carry- 
ing a  maximum  of  possibly  500  lights  during  three  or  four 
months  of  the  summer  season,  and  not  much  more  than  one- 
fourth  that  amount  the  remainder  of  the  year.  Necessarily, 
with  so  many  dynamos  of  different  types,  and  with  such  a 
variable,  yet  small  average  output,  the  consumption  of  coal  was 
excessive  as  compared  with  the  light  delivered  and  paid  for. 

The  street  lines,  according  to  the  usual  practice,  were  of  No.  6 
B.  &  s.  weather-proof  wire  ;  the  poles  were  of  cedar,  of  good  sire 
and  fitted  with  pine  or  spruce  cross-arms,  with  common  green 
glass  insulators  set  upon  wooden  pins.  In  consequence  of  a  silly 
prejudice,  which  had  been  fomented  amongst  the  citizens 
by  interested  parties  against  permitting  poles  to  be  set  in  the 
streets,  the  wires,  in  a  very  great  number  of  instances,  had  been 
attached,  by  cross-arms  or  brackets,  to  the  trunks  of  the  immense 
elm  trees  with  which  the  streets  of  the  town  were  shaded ;  a 
practice  which  occasioned  an  enormous  loss  of  current  every 
wet  night  as  well  as  much  irregularity  in  the  performance  of 
the  lights.  The  effect  on  the  trees  was  by  no  means  salutary, 
while  the  appearance  was  as  much  worse  than  that  of  poles  in 
the  streets  as  could  possibly  be  imagined. 

The  village  of  Great  Barrington  extends  for  the  most  part 
along  a  single  broad  thoroughfare  for  a  distance  of  nearly  three 
miles,  and  the  street-lighting  circuits  are  consecjuently  very  strag- 
gling. The  1500  c.  p.  lamps,  which  were  suspended  at  intervals  of 
800  to  1,000  feet,  were  actually  of  very  little  service  in  illumin- 
atinor  the  densely  shaded  streets. 

After  a  careful  consideration   of  the  situation,    keeping  in 
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view  the  greatest  possible  reduction  of  present  and  future  oper- 
ating expenses,  it  was  determined  the  wisest  course  to  pursue  would 
be  to  consolidate  the  whole  service  so  that  it  could  be  supplied 
by  one  dynamo,  in  place  of  five  underloaded  ones.  In  pursuance 
of  this  plan  it  was  decided  to  adopt  the  two-phase  alternating 
system,  at  a  maximum  pressure  of  2100  volts  in  the  pri- 
maries, and  105  volts  in  the  secondaries,  with  a  frequency  suflS- 
ciently  low  to  permit  the  advantageous  use  of  induction  motors 
if  required.  It  was  furthermore  decided  to  abandon  the  steam 
plant,  and  to  make  arrangements  to  utilize  some  one  of  the  excel- 
lent water- powers  which  were  available  within  practicable  dis- 
tances. Under  ordinary  circumstances,  I  should  have  hesitated  to 
recommend  the  substitution  of  water-power  for  steam  as  the  sole 
source  of  power  for  the  operation  of  an  electric  lighting  plant. 
Water-power  is  an  invaluable  auxiliary,  and  when  conveniently 
available  for  use  in  conjunction  with  steam,  may  often  be  made 
to  save  a  very  large  coal-bill  in  the  course  of  a  year.  On  the 
other  hand,  the  excessive  fluctuations  to  which  it  is  liable — 
which  are  scarcely  realized  by  those  but  casually  acquainted  with 
the  subject —  render  it  in  most  cases  a  very  uncertain  reliance  for 
a  business  which  is  compelled  to  go  on,  perforce,  every  night  in 
the  year,  and  which  cannot  suspend  operations,  as  an  ordinary 
manufactory  does,  if  worst  comes  to  worst,  for  a  week  or  two  at 
a  time.  Even  a  water-privilege  which,  during  ten  months  of  the 
year,  furnishes  twice  as  much  power  as  is  needed,  and  even  more, 
may  be  expected  to  fall  off,  during  one  of  the  extraordinarily  dry 
aeasons  which  occur  at  intervals  of  from  five  to  ten  years,  to  one- 
third  its  usual  amount.  In  such  a  case,  an  electric  plant  solely 
dependent  upon  water-power  would  find  itself  in  a  most  unde- 
dirable  predicament. 

In  the  present  instance,  the  choice  of  a  water-privilege 
finally  reduced  itself  to  two  sites,  one  in  the  town  itself,  within 
half  a  mile  of  the  center  of  consumption,  and  the  other  at  Glen- 
dale  village,  seven  miles  distant,  both  situated  on  the  Housatonic 
river.  The  privilege  ^rst  mentioned  being  already  occupied  by 
a  woolen  factory,  only  the  surplus  water  was  available,  but  this 
was  known  to  be  quite  suflScient  for  the  requirements  of  the  elec- 
tric company  at^  least  nine  months  in  each  year,  leaving  three 
months  to  be  run  by  steam.  It  had  the  advantage  of  being  close 
at  hand,  and  was  capable  of  being  fitted  up  at  a  moderate  cost. 
As  to    the   Glendale   privilege,    it  was   necessary  to  be   very 
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sure  that  tlie  lowest  water  of  a  dry  summer  would  give  all  the 
power  required  to  run  the  plant  without  the  aid  of  steam.  Having 
invariably  found  tlie  value  of  a  water-power  to  be  greatly  exag- 
gerated, not  only  in  popular  estimation,  but  in  the  opinion  of  it» 
owners,  the  matter  was  investigated  with  much  care.  From 
the  official  state  map  of  Massachusetts,  it  was  ascertained 
that  the  area  of  the  drainage  liasin  of  the  Housatonic  above 
the  Glendale  dam  was  269  s<]uare  miles.  J.  T.  Fanning,  a  lead- 
ing authority,  from  an  extended  examination  of  the  recorded  ob- 
servations on  the  rainfall  and  flow  of  the  New  England  rivers, 
reaches  the  conclusion  that  a  water-shed  of  the  area  mentioned^ 
may  be  estimated  to  yield  the  quantities  of  water  given  below : — 

Cubic  Feet  of  Water  per  Second  per  S<2Uarb  Milb.^ 

Miaimum  (15  days  of  least  summer  flow) 0.25 

Mean  (130  days,  usually  July  to  October  inclusiTe) 0.90 

Maximum  (floo<l  volume) 80.00 

It  will  be  noticed  that  the  flow  in  extreme  dry  weather  is  les* 
than  one-third  of  that  which  may  ordinarily  be  depended  upon 
through  the  remainder  of  the  year. 

The  distribution  of  rainfall  throughout  the  year  should  be 
studied.  It  is  often  materially  modified  by  local  geographical 
conditions.  The  diagram  shows  that  the  distribution  on  the 
head- waters  of  the  Ilousatonic  is  quite  diflferent  from  the  normal 
type  of  the  northeastern  region.  The  same  may  be  true  of 
other  rivers. 

While  this  investigation  was  going  on,  it  was  discovered 
that  actual  measurements  of  the  volume  of  water  in  the  Housa- 
tonic river  had  been  made  in  1878  by  the  engineers  of  the  New 
York  Department  of  Public  Works, with  reference  to  its  utilization 
as  a  future  source  of  water  supply  for  that  city.  The  minimum 
summer  flow  was  found  to  be  (as  given  in  the  engineer's  report), 
0,34  c.  F.  per  second  per  square  mile.  It  was  also  learned  that 
inea^^urements  made  on  several  different  occasions  at  Birmingham^ 
Conn,  in  very  low  stages  of  water,  gave  an  average  of  0.32  c.  f. 
per  t^ocond  per  square  mile.  It  was  therefore  assumed  that  Mr. 
Fftiming's  estimates  were  at  least  on  the  safe  side.  The  greater 
vuliune  of  water  found  by  the  actual  measurements,  is  doubtless 
diR^  to  the  fact  that  there  are  some  5  or  6  square  miles  of  reser- 
vuir^,  consisting  of  natural  and  artificial  lakes,  on  the  upper  wa- 

^  Hvdraulic  and  Water  Supply  Engineeriog.  (3d  ed.),  p.  75;  table  19. 
New  York,  1«82. 
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ters  of  the  Housatonic,  which  are  drawn  upon  by  the  numerous 
mills  on  the  river  as  an  extra  supply  during  the  season  of  drought. 
A  minimum  flow  of  0.25  per  second  per  square  mile  would 
give  at  Glendale,  4035  o.  f.  per  minute.  Multiplying  this  by  the 
weight  of  a  c.  f.  of  water  (63.3  lbs.)  gives  255,415  foot-pounds^ 
which,  divided  by  33,000  gives  7.74  gross  horse-power  per  foot  of 
fall,  or  a  total  of  99.6  h.  p.  for  the  13  feet  fall  at  Glendale.  The 
average  efliciency  of  a  good  turbine  may  safely  be  taken  at  75  per 
cent,  which  would  give  67.9  as  the  available  h.  p.  during  the 
whole  24  hours,  in  time  of  lowest  water.  In  electric  lighting 
however,  the  great  bulk  of  work  is  done  within  a  period  of  about  4 
liours  (in  summer  time),  and  hence  it  is  possible,  in  case  there  is 
sufficient  area  of  pondage  above  the  dam,  to  increase  this  capacity 
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Flo.  1. — Curve  of  mean  annual  distribution  of  rainfall.  Full  line  is^ 
reduced  observations  at  Williamstown.  Mass..  1816  to  1874.  Dotted  line  i* 
mean  of  all  observations  in  the  Hudson  and  Champlain  valleys,  and  northern 
and  western  New  York,  aggregate  564  years.  From  Sebott's  Rainfall  Tables, 
pp.  199.  251.    Washington,  1881. 

by  storage  at  least  four-fold,  which  would  raise  the  limit  of  mini- 
mum available  power  during  lighting  hours,  to  271.6  h.p.;  an 
amount  which  was  considered  to  be  ample  to  meet  all  the  probable 
requirements  of  the  Great  Barrington  plantfor  many  years  to  come. 
While  negotiations  were  still  pending  with  the  owners  of  the 
Glendale  privilege,  and  also  the  one  in  the  village  already  re- 
ferred to,  overtures  were  received  from  a  manufacturing  com- 
pany owning  a  third 


exceptionally  desirable  privilege,  |0h  the  i 
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same  stream,  at  au  intermediate  point  considerably  nearer  than 
Glendale.  This  company  had  only  recently  completed  a  new 
dam,  head-gates,  raceways,  etc.,  at  a  very  considerable  expense, 
and  was  willing  to  lease  the  complete  establishment,  including 
a  new  McCormick  turbine  of  325  h.p,  and  a  two-phase  Stanley 
generator  of  corresponding  capacity,  at  a  monthly  rental  based 
upon  the  actual  output  as  measured  in  kilowatt-hours  at  the 
dynamo  terminals,  provided  that  a  certain  minimum  monthly 
consumption  was  guaranteed.  With  the  same  volume  of  water 
as  at  Glendale,  the  fall  at  this  point  was  20  feet,  assuring  at  least 
417  H.  p.  at  lowest  water,  during  lighting  hours.  All  the  hydrau- 
lic appparatuB  and  appointments  were  of  the  best  possible  con- 
struction, and  well-calculated  to  ensure  absolute  permanency  of 
operation. 

The  minimum  rental  exacted  was  somewhat  less  than  the 
amount  of  the  coal-bill  of  the  Great  Barrington  company  for  the 
preceding  fiscal  year,  but  while  the  immediate  saving  in  oper- 
ating expenses  was  not  large,  the  acceptance  of  the  proposition 
would  place  the  company  in  a  position  to  reduce  its  rates  to  con- 
sumers, for  the  reason  that  its  output  might  be  very  largely  in- 
creased without  materially  augmentingits  operating  expenses.  A 
lease  for  a  term  of  years  was  accordingly  closed. 

In  laying  out  the  plant  it  was  determined  to  bring  the  main 
feeders  directly  to  a  distributing  station  in  the  village,  to 
be  used  principally  as  a  convenient  headquarters  for  testing  the 
circuits  and  controlling  the  street-lighting  service.  In  laying  out 
the  transmission  line,  a  surveyor  was  employed,  and  a  prelimin- 
ary line  was  run  directly  from  the  power-house  to  the  distributing- 
station.  The  air-line  distance  was  found  to  be  5.15  miles.  With 
the  assistance  of  the  surveyor,  the  actual  line  was  then  staked  out, 
going  directly  across  country,  and  keeping  as  near  as  circum- 
stances permitted  to  the  transit  line.  About  half  the  distance, 
the  transit-line  was  found  to  so  nearly  coincide  with  existing  high- 
ways, that  the  consent  of  the  local  authorities  was  obtained  to  set 
the  poles  along  the  highway  location ;  the  remainder  of  the  route 
lay  principally  through  uncultivated  land  of  little  value,  so  that 
a  comparatively  small  expenditure  was  sufficient  to  secure  a  re- 
lease from  all  claims  for  land  damages.  This  enabled  the  line  to 
be  located  with  long  stretches  absolutely  straight,  avoiding  all 
sharp  angles ;  a  very  important  consideration  when  heavy  wires 
are  used.  The  poles  were  of  selected  chestnut  with  natural  butts. 
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usually  set  five  feet  in  the  ground  at  maximum  intervals  of  125  feet. 
The  poles  were  ordinarily  25  feet  long  and  8  inches  thick  at  the  small 
end.  Shorter  poles  were  sometimes  used  on  elevations  and  longer 
ones  in  depressions,  in  order  to  equalize  the  strain  as  much  as 
possible.  The  insulators  used  were  of  the  large  double^bell  white 
porcelain  type  (German  government  standard),  and  were  import- 
ed by  us  from  Hagen.  The  insulator  of  the  top  wire  is  set  upon  a 
malleable-iron  stem  14  inches  long  screwed  into  the  top  of  the 
pole  which  is  tapered  to  5  inches  diameter,  and  protected  from 
splitting  by  driving  on  a  wrought-iron  ring.  The  tapered  part  of 
the  pole,  as  well  as  the  top,  was  given  a  coating  of  mineral  paint 
mixed  as  thick  as  it  could  be  spread  with  a  brush.  The  insulator 
of  the  second  wire  is  carried  on  a  malleable-iron  goose-neck, 
tarewed  into  a  i  inch  hole  bored  in  the  side  of  the  pole,  in  such 
position  as  to  bring  the  wires  about  16  inches  apart.  Another 
hole  was  bored  on  the  opposite  side  of  the  pole,  intended  to  take 
the  goose-neck  of  the  third  wire  at  some  future  time,  leaving  the 
same  interval  between  the  second  and  third  wires.  The  porce- 
lain insulators  are  fixed  to  their  iron  supports  by  a  packing  of 
oakum  placed  between  the  screw-threads,  which  serves  to  prevent 
any  danger  of  fracture  by  expansion  or  contraction.  The  line 
wire  is  laid  in  a  groove  formed  in  the  top  of  the  insulator,  except 
upon  the  curves  and  angles,  in  which  case  it  is  tied  at  the  side  in 
a  circumferential  groove,  as  is  usual  in  this  country.  The  Ger- 
man method  of  tying  is  quite  complex,  and  unnecessarily  strong ; 
in  case  of  undue  strain,  if  anything  gives  way  it  had  best  be  the 
tie- wire.  We  therefor©  devised  a  simple  tie  which  was  easily  and 
quickly  applied,  and  which  has  so  far  served  an  admirable  pur- 
pose. We  were  obliged  to  string  the  wires  during  very  cold 
weather;  sometimes  as  cold  as  8  or  .10  degrees  below  zero,  and 
hence  it  was  necessary  to  strain  them  very  tight.  A.  block  and 
fall  and  a  well-trained  horse  were  used  in  pulling  up,  usually  six 
or  seven  spans  of  one  wire  at  a  time.  The  hook  of  the  block  was 
was  always  attached  to  the  copper  wire,  whether  bare  or  insula- 
ted, with  a  chain-knot  made  of  f  inch  rope.  The  feeder-wires 
were  of  No.  3  b.  as.  soft  copper,  covered  with  weather-proof  "in- 
sulation "  along  the  highway  (as  a  concession  to  enlightened  pub- 
lic opinion),  but  elsewhere  bare.  The  lengths  of  wire  were  joined 
with  Molntire  twisted  couplings ;  the  unusual  strain  we  had  to 
put  upon  them  occasionally  pulled  one  apart,  and  this  led  us,  out 
of  abundant  caution,  to  solder  them,  although  this  was  done  for 
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raechanical  rather  than  for  electrical  reasons.  Only  two  feeder 
wires  have  as  yet  been  strung,  providing  for  a  single-phase  cur- 
rent from  one  side  of  the  two-phase  generator,  but  it  is  the  inten- 
tion to  run  a  third  feeder  at  an  early  day,  which  will  enable  two- 
phase  induction  motors  to  be  connected  to  the  same  distributing 
system. 

A  pair  of  telephone  wires  of  No.  12  steel  were  strung  below 
the  feeder-wires,  and  these  were  supported  upon  small  German 
porcelain  insulators  on  iron  goose-necks  on  opposite  sides  of  the 
poles.  These  wires  were  transposed  at  intervals  of  about  a  mile, 
in  order  to  eliminate  the  inductive  effects  of  the  alternating  cur- 
rent in  the  feeders.  The  feeder-lines  were  carried  under  the 
railroad  at  an  undergrade  crossing  by  placing  the  insulators  upon 
iron  brackets  leaded  into  the  stone  abutments.  The  plan  of  con- 
struction above  described  makes  a  strong,  handsome  and  durable 
line,  while  the  insulation  of  the  circuit  even  in  the  worst  of 
weather,  is  simply  faultless.* 

The  system  has  been  planned  to  deliver  the  current  at  the 
distributing  station  at  a  uniform  pressure  of  2,100  volts.  Two 
distributing  centers  were  fixed  upon  in  the  old  Edison  3-wire 
network,  and  at  each  of  these  points  a  pair  of  large  transformers, 
having  a  ratio  of  20  :  1,  were  fixed  upon  a  pole,  with  their 
respective  primaries  in  series  between  a  pair  of  branch  feeders 
from  the  distributing  system,  and  their  secondaries  were  coupled 
in  series  in  like  manner  with  the  neutral  wire  between  them. 
None  of  the  consumers  on  the  old  Edison  system  knew  when  the 
change  had  been  made  to  the  new  service  from  anything  they 
were  able  to  notice  in  the  behavior  of  the  lights. 

1.  I  regret  that  I  am  unable  to  present  any  actual  measurements  of  the  in- 
sulation of  the  line  of  the  Great  6arrington  company,  no  opportunity  having 
occurred  since  the  work  was  completed,  of  makmg  tests  under  atmospheric 
conditions  of  minimum  insulation.  Several  years  ago,  however,  while  engaged 
in  telegraphic  service,  I  made  a  series  of  nearly  100  separate  tests  in  rainy  and 
foegy  weather,  extending  over  a  period  of  five  years,  of  a  set  of  10  porcelain  in- 
sulators of  the  same  make  and  pattern  in  ever^  particular  as  those  now  on  the 
Great  Barrington  line,  erected  on  a  house-top  in  the  city  and  therefore  much 
exposed  to  smoke  and  dirt.  These  measurements  gave  a  mean  resistance 
of  28.8  megohms,  and  a  minimum  resistance  of  19  megohms  per  insulator. 
On  a  metalbc  circuit  therefore,  the  minimum  insulation  resistance  at  each  pole 
would  be  38  megohms.  On  the  Great  Barrington  line  of  28,260  feet  there  are 
250  poles  and  other  supports,  and  hence  we  may  assume  that  the  minimum 
resistance  of  the  insulation  of  the  circuit  as  a  whole  would  be  158,000  ohms. 
The  current  loss  by  leakage  ts  found  by  dividing  the  mean   voltage  by  the 

insulation  resistance  ;       ,'^    =  0.014  ampere  ;  an  amount  too  small  for  serious 

15e,000 

consideration.  The  conductivitv  resistance  of  the  feeder  circuit  measures  9.07 
ohms  at  0°  Centigrade  (82"  Fahr.) 
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The  next  thing  done  was  to  reconstruct  the  street-lighting 
system.  In  place  of  the  36  arcs  of  1500  nominal  c.  p.  formerly 
in  use  we  substituted  126  incandescent  lamps  of  50  volts  and  32 
c,  p.,  placed  in  lona  fixtures  projecting  horizontally  from  the  poles 
14  feet  above  the  ground.  The  lights,  as  a  rule,  were  fixed  upon 
every  alternate  pole,  but  in  the  business  center,  the  street  being 
broad,  they  were  placed  on  each  side  at  intervals  of  about  250 
feet,  and  staggered,  so  as  not  to  come  opposite  each  other.  A 
Shallenberger  shunt  cut-out  was  applied  to  each  lamp.  The 
usual  number  of  lamps  in  each  circuit  was  42,  although  we  have 
since  placed,  in  some  cases,  as  many  as  47  in  one  series  without 
reducing  the  brilliancy  of  illumination  sufficiently  to  be  noticeable 
by  any  one  but  an  expert.  One  end  of  each  street-lighting  circuit 
is  joined  to  a  special  feeder  leading  to  the  sub-station,  where  it 
is  connected  with  the  main  feeder  through  a  knife-switch. 
The  other  end  of  each  lamp-circuit  is  connected  to  any  con- 
veniently located  branch  feeder  of  the  regular  commercial  lighting 
service.  Each  lamp-circuit  has,  or  will  have,  a  fuse-block  and 
cutout  enclosed  in  a  weather-proof  box  at  each  end,  where  it 
joins  the  opposite  feeders.  These  32  c.  p.  lamps,  when  run  at 
full  candle-power,  furnish  a  most  satisfactory  illumination  and 
give  the  streets  a  very  attractive  appearance.  So  far  as  possible , 
each  lamp  was  located  with  the  aid  of  a  transit  and  level,  so  as 
to  get  them  in  absolutely  straight  lines  both  vertically  and  horizon- 
tally, a  precaution  which  adds  materially  to  the  decorative  eflEect. 
It  is  admitted  by  all  that  the  streets  of  the  town  are  much  more 
satisfactorily  lighted  by  the  incandescents  than  they  formerly  were 
by  arc  lamps,  while  the  actual  cost  to  the  company  is  considerably 
less.  The  new  lamps  were  cut  in,  one  at  a  time,  on  the  old  arc 
wires,  jumpers  being  temporarily  placed  across  the  terminals 
until  everything  was  in  readiness  to  discontinue  the  use  of  arc 
machines. 

One  of  the  most  marked  advantages  of  the  series  street-lighting 
system,  especially  when  shunt  cut-outs  are  used,  is  its  great  fiexi- 
Wlity  and  convenience.  For  example,  instead  of  placing  from  40 
to  45  50- volt  lamps  in  one  series,  we  may  use  20  to  23  100- volt 
lamps,  or  if  a  smaller  number  be  required,  less  than  is  necessary  to 
make  up  a  circuit,  the  deficit  may  be  supplied  by  adding  extra 
shunt-boxes  in  series  at  any  convenient  point  in  the  circuit,  until 
the  pressure  has  been  reduced  to  the  required  point.  P^rom  time 
to  time,  as  new  lights  are  added,  these  spare  shunt-boxes  are  one 
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after  another  bronght  into  use  in  connection  with  them.  Some- 
times, also,  we  temporarily  install  extra  street-lights  by  connecting 
them  in  parallel  to  the  secondary  mains  of  the  regular  com- 
mercial service,  ultimately  transferring  them  to  new  series 
circuits. 

It  has  been  found  to  be  desirable  to  use  a  lamp  of  rather  low  ef- 
ficiency for  the  street-lighting  service,  as  there  is  always  danger 
of  leakage  and  short-circuits  from  wet  boughs  of  trees  and  other 
objects  getting  into  contact  with  the  wires,  and  thus  diverting  an 
abnormal  current  through  some  portion  of  a  lamp  circuit.  In  such 
case,  a  lamp  of  high  efficiency  is  pretty  certain  to  be  burned 
out,  or  at  least  to  have  its  career  of  usefulness  materially  abridged. 
In  this  plant,  the  average  consumption  of  energy  in  the  street- 
lights, including  lamps,  lines,  shunts,  and  leakage  is  found  to  be 
about  141)  watts  per  lamp  of  32  c.  p. 

Perhaps  the  most  ticklish  part  of  the  whole  undertaking  waa 
the  changing  over  of  the  Westinghouse  system,  which  was  a  1050- 
volt  primary  and  a  52-volt  secondary,  running  at  16,500  altema- 
*tions.  In  accordance  with  the  new  plan,  it  was  of  course  neces- 
sary to  double  the  pressure  both  in  the  primary  and  secondary 
circuits,  and  to  substitute  104:-volt  for  52-volt  lamps  throughout. 
A  preliminary  test  of  one  of  the  transformess  demonstrated^ 
that  which  perhaps  might  have  been  foreseen  from  theoretical 
considerations,  viz.:  that  a  dangerous  quantity  of  heat  was  devel- 
oped within  a  few  hours  when  it  was  used  to  convert  from  2,000 
volts  down  to  100.  In  order  to  utilize,  so  far  as  possible,  the  old 
transformers,  and  at  the  same  time  avoid  the  above  difficulty^ 
various  expedients  were  resorted  to.  Wherever  a  group  of  con- 
sumers was  located  in  one  neighborhood,  a  pair  of  large  transfor- 
mers was  installed,  with  secondary  mains  extending  from  500  to 
600  feet  in  various  directions ;  these  transformers  being  of  course 
placed  in  series  with  each  other.  Scattering  consumers  as  far  as 
practicable  were  united  in  pairs  or  small  groups,  and  sup- 
plied by  a  pair  of  small  transformers  coupled  in  the  same  way. 
The  Westinghouse  meters,  having  been  originally  constructed  for 
a  frequency  of  16,500  alternations,  ran  slow  when  the  frequency 
was  reduced  to  8,000.  The  necessary  coefficient  for  correction  of 
the  readings  was  easily  ascertained  by  experiment,  and  as  fast  at 
possible  the  meters  were  fitted  with  new  disks,  supplied  by  the 
Westinghouse  company  at  a  trifling  expense,  adapted  to  the 
lesser  frequency. 
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Of  course  it  will  be  understood  that  the  reason  for  resorting  to 
these  various  shifts  and  expedients,  was  merely  that  we  might 
utililize  the  old  apparatus  as  far  as  it  could  possibly  be  done,  and 
also  that  we  might  carry  on  the  work  of  reconstruction,  for  the 
most  part,  with  the  ordinary  working  force  of  the  establishment. 

The  horizontal  double  turbine  which  is  used  to  drive  the  two- 
phase  generator  has  done  such  good  work  that  it  deserves  a  few 
words  of  commendation.  The  selection  of  the  best  among  the 
many  available  types  of  turbines  for  electric  work  is  a  matter 
which  merits  far  more  consideration  from  a  scientific  standpoint 
than  it  generally  receives.  Water-wheels,  like  dynamos  and  mo- 
tors, are  sometimes  sold  on  commission  by  agents,  and  it  not  in- 
frequently happens  that  the  salesman  who  makes  the  largest 
"  claims,"  especially  if  he  sells  his  goods  the  cheapest,  carries  away 
the  contract.  It  needs  to  be  said,  however,  that  there  is  a  far 
greater  difference  than  is  often  suspected,  in  the  work  that 
different  types  of  wheels  will  do  with  a  given,  and  especially  a 
limited  amount  of  water.  There  are,  furthermore,  a  great  many 
types  of  wheels  in  the  market,  which  although  as  efficient  as  could 
be  asked  for  with  a  full  head  of  water,  are  very  far  from  being 
so  when  thfe  volume  of  water  is  reduced,  even  by  a  comparatively 
small  percentage.  It  is  but  just  to  say  that  it  is  seldom  that  a 
turbine  makes  so  favorable  a  showing,  not  only  in  this  but  in 
other  respects,  as  the  one  provided  by  the  company  from  which 
we  lease  our  power.  The  following  figures  are  selected  from  a 
much  larger  number  obtained  by  actual  measurement  of  its 
performance,  in  the  testing-fiume  of  the  Holyoke  Water-power 
Company. 


Quantity  of  water 

Head  acting 

passing  through 
Wheel  (cu.  ft. 

Percent. 

on  Wheel 

Revoltftions 

Horse- 

of 

feet. 

per  minute. 

per  sec.) 

Power. 

Efficiency. 

16.56 

«3S.«5 

83.56 

194. aa 

79.«S 

16.60 

xs6.a5 

81.75 

134.50 

Its 

16.80 

155.00 

70.79 

•n:i? 

17.0a 

X54»50 
156.75 

63.4a 

78.39 

17.36 

59. 19 

73.4a 

7>.95 

«7.44 

I5a.95 

4^.55 

53.71 

63.90 

These  results  are  worthy  of  particular  note,  for  the  reason  that 
they  show  a  very  high  percentage  of  efiiciency  maintained 
through  a  wide  range  of  variation  in  the  quantity  of  water  pass- 
ing through  the  wheel ;  a  most  valuable  characteristic  for  elec- 
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trie  work.  When  the  quantity  of  water  used  was  diminished 
from  81.75  to  42.55  cubic  feet  per  second,  the  percentage  of 
efficiency  fell  only  from  80.99  to  63.9,  and  what  is  even  more 
remarkable,  it  was  found  that  the  efficiency  remained  well 
above  80  per  cent,  over  a  range  of  variation  of  discharge  from 
83.22  to  70  cubic  feet  per  second,  or  15.9  per  cent.  More  than 
one  type  of  turbine  which  enjoys  a  high  reputation  and  extensive 
sale  among  power-users,  will  not  reach  65  or  even  60  per  cent, 
efficiency  at  "  three-quarters  gate,"  while  the  83"  wheel  above 
referred  to  has  been  found  to  give  by  actual  test  no  less  than 
78  per  cent,  under  similar  conditions. 
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Pig.  2.— Efficiency  Test  of  JoUy-McCormick  Turbine. 

The  turbine  carries  upon  its  shaft  a  driving-pulley  100  inches 
in  diameter,  weighing  11,000  lbs.  which  serves  as  a  balance- 
wheel.  It  is  also  provided  with  a  Seplogle  electric  governor 
operated  by  three  cells  of  gravity  battery,  which  has  never  failed 
to  do  its  work  quickly  and  certainly,  even  imder  trying 
conditions. 

In  carrying  out  this  work,  some  things  have  been  learned  by 
experience  which  may  be  of  use  to  others  called  upon  to  advise  or 
to  undertake  the  construction  of  similar  works,  and  I  will  there- 
fore venture  to  summarize  some  of  my  conclusions  as  follows : 

1.  In  considering  the  advisability  of  operating  an  electric  plant 
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by  water-power,  do  not  on  any  account  neglect  to  ascertain  from 
authentic  eources  of  information,  just  how  much  water  can  be 
depended  upon  during  the  low  stage  in  an  extra  dry  yesTy/or 
this  is  the  medsure  of  its  valiie  for  electric  vxyrh  except  when 
used  as  an  auxiliary  to  steam.  The  ordinary  estimates  of  the 
•commercial  value  of  a  water-power  are  only  too  apt  to  prove  pre- 
posterous exaggerations. 

2.  If  rights-of-way  or  releases  of  damages  can  be  obtained 
without  too  much  trouble  and  expense,  it  is  better  to  build  the 
feeder  line  as  directly  across  country  as  may  be,  than  to  follow  a 
highway.  The  saving  in  cost  of  construction  will  usually  be 
more  than  enough  to  pay  for  the  right-of-way,  and  on  such  a 
route  there  need  be  no  interference  from  trees,  while  many  incon- 
venient angles  and  much  trouble  in  guying  and  bracing  are 
avoided.  Shorter  and  stouter  poles  may  also  be  used  ;  in  itself 
a  very  important  consideration. 

3.  In  electric  line  construction,  it  is  preferable  to  dispense 
with  cross-arms  unless  there  are  more  than  six  wires.  The  best 
■arrangement  is  to  place  one  wire  on  a  top-pin  and  the  others  al- 
ternately on  the  front  and  back  of  the  pole,  at  a  vertical  distance 
apart  of  12  inches.  This  construction  not  only  costs  less  than 
properly  braced  cross-arms,  but  is  much  less  conspicuous  and 
therefore  much  less  objectionable  in  a  public  street,  is  less  inter- 
fered with  by  trees,  and  is  far  more  durable.  Much  trouble  is 
caused  by  the  decay  of  cross-arms  after  they  have  been  exposed  a 
few  years  to  the  weather  ;  they  split  at  the  ends  so  that  the  pins 
<5ome  out,  and  not  infrequently  break  in  two  in  the  middle,  thus 
fouling  the  wires. 

4.  In  medium-sized  towns  and  cities,  especially  in  shaded 
streets,  the  incandescent  lamp  may  be  made  to  give  a  far  better 
distribution  of  light  for  the  same  money  than  is  possible  with  the 
"  half-arc "  so  extensively  used,  and  is  much  less  troublesome  to 
maintain  in  good  working  order.  My  own  experience  leads  me 
to  think  that  the  lamps  ought  not  to  be  of  less  than  24  or  more 
than  32  candle-power.  Use  lamps  of  low  rather  than  high 
efficiency,  but  run  them  at  full  candle-power,  or  .even  a  trifle 
above.  Good  street-lights,  well  arranged,  and  renewed  suflBcient- 
ly  often,  are  the  best  possible  advertisement  for  any  electric 
company. 

5.  Use  large  transformers  as  far  as  practicable,  placing  the  con- 
sumers within  500  or  600  feet  radius  upon  secondary  mains.  We 
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have  used  both  two-wire  and  three-wire  mains.  The  latter  plan 
is  certainly  to  be  recommended  when  the  distance  approximates 
or  exceeds  500  feet,  but  for  short  distances,  as  for  example  when 
distributing  within  a  sinjijle  block  at  a  pressure  of  100  rolts  or 
more,  it  is  a  question  whether  the  gain  in  cost  of  copper  over  the 
two-wire  plan  is  of  suflScient  importance  to  offset  the  additional 
complexity. 

6.  It  was  found  that  raising  the  voltage  in  the  residence 
district  from  1,000  :  50  to  2,000  :  100  greatly  improved  the 
uniformity  of  distribution  by  lessening  the  potential  drop  without 
entailing  any  corresponding  disadvantages.  It  would  seem  to  be 
preferable,  on  every  account,  to  use  the  higher  pressure. 

7.  One  of  the  most  important  minor  points  in  the  management 
of  a  plant  is  apt  to  be  too  much  neglected ;  the  maintenance  of  the 
insulation  of  the  wires  by  promptly  replacing  all  cracked  and 
broken  insulators,  and  by  keeping  the  wires  absolutely  free  from 
contact  with  uninsulated  objects.  The  covered  wires  which  lead 
into  the  hoods  of  the  street-lamps  need  to  be  carefully  looked 
after. 

8.  Number  all  the  poles  with  yellow  paint  applied  with  a  sten- 
cil on  a  black  ground;  and  keep  a  record  book  of  the  position  of 
each  one  and  its  distance  by  the  line  from  the  test-station. 

9.  In  selecting  a  turbine-wheel,  consult  competent  authorities 
as  to  the  available  fall  and  minimum  quantity  of  water,  and  when 
making  the  purchase  do  not  expect  to  get  a  thousand*dollar  wheel 
for  a  hundred  dollars.  Pay  a  fair  price  and  insist,  not  only  that 
the  wheel  shall  be  well  made  in  every  way,  but  that  it  shall  be 
tested  by  an  expert  before  acceptance.  If  it  does  not  give  an 
average  efficiency  of  76  per  cent,  between  half-gate  and  full-gate, 
it  is  not  advisable  to  accept  it,  inasmuch  as  you  can  easily  do 
better,  as  our  own  experience  proves. 

10.  I  think  our  experience  shows  that  it  is  possible  to  largely 
increase  the  net  earnings  of  an  old  plant  without  necessarily  re- 
newing it  throughout,  but  plenty  of  time  should  be  taken  for 
consideration  as  well  as  for  execution,  in  order  to  secure 
satisfactory  results  with  a  moderate  expenditure. 

Discussion. 

Dr.  Emery  : — Although  we  are  waiting  for  something  of  gen- 
eral interest  I  do  not  think  that  this  paper  should  be  passed 
without  a  word  or  two.  The  subject  of  the  reconstruction  of 
non-paying  electric  plants  along  modem  lines  is  becoming  of  in- 
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•creasing^  importance,  and  I  have  studied  this  paper  with  a  great 
deal  of  interest.  It  is  an  example  of  a  typical  engineering  paper. 
The  various  steps  taken  are  enumerated,  and  the  reasons  For  each 
step,  and  the  author  has  gone  somewhat  outside  of  what  may  be 
strictly  called  electrical  engineering;  taken  up  problems  from  the 
standpoint  of  a  civil  engineer  and  given  reasons  based  on  the 
same  considerations  as  those  used  in  that  branch  of  engineering. 
The  paper  will  repay  careful  perusal  hj  all  who  may  have  simi- 
lar problems  to  undertake.  The  basis  assumed,  viz.,  that  the 
maximum  power  which  can  be  relied  upon  depends  upon  the 
minimum  rainfall  and  proportional  stream  flow,  is  the  correct 
one  and  is  only  varied  where  there  are  large  reservoirs  so  regu- 
lated as  to  store  water  during  freshets,  and  supply  it  in  times  of 
drought.  There  is  only  one  drawback  in  the  discussion  of  the 
water  question  which  has  not  been  mentioned.  The  ice  fre- 
quently causes  trouble,  in  Northern  climates  particularly,  and  at 
a  season  of  the  year  when  light  is  most  desirable,  so  that  the 
length  and  location  of  the  head  races,  together  with  all  available 
data  as  to  ice  gorges  in  the  river,  should  be  well  considered  be- 
fore making  a  change  of  this  particular  kind. 

[An  illustrated  description  of  the  Ni^2;ara  Falls  plant  was  then 
^ven  by  Dr.  Coleman  Sellers  and  Mr.  £8wi8  B.  StillwelL] 
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Twelfth  Annual  Meeting. — Mobnino  Session. 


Niagara  Falls,  K  Y.,  June  28,  1895. 

President  Duncan  called  the  meeting  to  order  at  10.30  a.  m. 

The  President  : — As  it  was  impossible  yesterday  to  discuss 
Dr.  Emery's  paper  on  "  Alternating  Current  CurveSj"  it  has  been 
thought  beet  to  open  the  proceedings  this  morning  with  a  dis- 
cussion of  that  paper.  I  will  ask  Dr.  Pupin  to  open  the  discus- 
sion.    [See  paper  page  433.] 

Dr.  M.  I.  Pupin: — I  intended  to  indulge  in  a  brief  comment 
on  Dr.  Emery's  paper,  but  a  short  conversation  with  Mr. 
Steinmetz  convinced  me  that  he  had  gone  into  the  subject  of  the 
paper  so  thoroughly  and  exhaustively  that  it  will  be  best  for 
me  to  leave  the  whole  discussion  to  him.  There  is  one  point  only 
that  I  will  mention,  and  that  is,  that  I  really  do  not  see  why  Dr.. 
Emery  calls  this  a  paper  on  alternating  current  curves.  As  I 
understand  the  meaning  of  the  term,  alternating  current  curves 
are  those  that  are  obtained  experimentally  from  alternating  current 
machines.  The  only  reason  that  I  can  see  for  Dr.  Emery's  calling 
these  curves  alternating  current  curves,  is  because  they  resemble 
certain  experimental  alternating  current  curves,  and  evidently  the 
object  of  the  paper  is  to  show  how  we  can  represent  a  certain  class 
of  alternating  current  curves  approximately  by  means  of  an  alge- 
braical equation.  I  must  object  to  what  appears  tO  me  to  be  a  favor- 
ite method  of  mechanical  engineers.  They  are  accustomed  to  I'ep- 
resent  some  of  their  important  physical  facts  by  means  of  empirical 
formula,  and  they  are  satisfied  if  their  formula  represent  facts  with 
an  approximate  degree  of  accuracy.  In  electrical  engineering  we 
have  no  necessity  for  empirical  formula,  at  any  rate  not  in  this  case,, 
and  it  is  not  a  step  forward,  but  a  step  backward  to  substitute  an 
empirical  formula  in  place  of  an  exact  formula.  After  all,  in  theo- 
retical and  in  practical  electrical  engineering  we  are  not  troubled 
verjr  much  by  ditBculties  concerning  the  integration  of  functions 
which  in  any  particular  case  represent  the  waves  of  current,  etc. 
A  diflSculty  that  we  meet  is  to  construct  an  instrument  that  will 
perform  our  integrations,  as  for  instance,  the  wattmeter.  I  do 
not  see  that  Dr.  Emery's  paper  has  suggested  any  way  of  over- 
coming these  diflSculties.  These  difficulties  exist  now  just  aa 
much  as  they  existed  before  Dr.  Emery  wrote  his  paper,  as  for 
instance  the  diflSculty  of  making  a  wattmeter  give  correct  read- 
ings when  both  the  alternating  e.  m.  f.  and  the  current,  or  anv 
one  of  the  two  do  not  follow  the  simple  sine  law.  But  as  we  all 
know,  this  difficulty  appears  only  at  small  loads.  When  the  sec- 
ondary load  increases,  then  in  most  cases  both  the  e.  m.  f.  curve 
and  the  current  curve  conform  very  nearlv  to  the  simple  sine 
law,  and  our  wattmeter  gives  correct  readings. 

Mr.  Steinmetz  : — When  first  reading,  and  now  hearing  this- 
paper  on  alternating  current  waves,  I  must  confess  I  have  not  been 
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impressed  very  favorably  with  the  desirability  of  introdacing  an 
empirical  formula  to  represent  these  waves.  It  is  true,  in  me- 
chanical engineering,  and  sometimes  even  in  electrical  engineer- 
ing, we  are  obliged  to  use  empirical  formula  occasionally,  wher- 
ever a  rational  equation  is  not  available  or  is  not  known. 
However,  I  cannot  see  any  i*eason  for  attempting  to  represent  bpr 
empirical  formula,  phenomena  of  which  a  rational  eouation  is 
in  evidence,  as  is  the  case  with  alternating  current  ana  alterna- 
ting B.  M.  F.  waves.  For  these  a  rational  formula  exists :  Fourier's 
series.  All  these  alternating  waves,  no  matter  what  shape  and 
form  they  have,  have  one  common   feature,  that  is,  they  are 
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Pig.  1. — Analysis  of  Alternator  Waves 

I  as  00 

e  :=zf{(p)  =:  S  (a?i  sin  t  ^  -(-  yi  cos  t  y)     [i  =  2  n  —  1] 
Monocyclic  Machine  A.M.  12—150 — 600.   Main  coil.  At  no  load. 


Sine  components  of  wave 

Cos.  components  of  wave 

/'(f)  =  i'«,6int 

y 

/'(f)=  I'y,  costa? 

as,  =     104 
as,  =  —  24.5 
a%  =—    4.8 
a«,  =         6.9 
SB,  =—    2.62 
»,,  =  -    1.78 
»„  =         2.76 

y,  =  —  3.86 
y,  =       4.33 
y.  =        .72 
y,  =  —  1.48 
y.  =       1. 
Vu  =         .63 
y«  =  -  1.21 

e=f{,p)=  104.2  {  sin  {f  —  1°  lOO  —  .242  sin  (3  ^  —9°  SS^— .046 
Bin  (5  y  —  8°  ^60  +  .068  sin  (7  ^  —  11°  42')  —  .027  sin 
(9  f — 20°  50')— .018  sin  (11^—19° 50')  +.29 sin  (18 ^-23° 60')  \ 
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univalent  functions  of  time,  or  in  other  words,  for  every  value  of 
time,  one  value  only  of  the  function  exists.  This  is  self-evident. 
But  as  a  mathematical  conclusion  from  this  feature  we  derive 
that  all  these  waves  can  be  expressed  by  an  infinite  series  of  sine 
functions,  and  a  rapidlv  convergent  senes,  which  with  alternating 
machine  currents  consists  of  odd  terms  only,  so  that  all  these 
variously  shaped  curves  can  be  expressed  by  very  few  terms  of 
sine  functions. 

This  equation  is  in  evidence,  and  is  very  convenient,  since  in 
the  integration  of  products  of  such  series,  all  the  terms  vanish  ex- 
cept the  products  of  harmonics  of  equal  order,  so  that  the  quadra- 
ture integral  of  such  a  series  is  nothing  but  the  series  of  quad- 
rature integrals  of  the  individual  terms. 

Under  these  circumstances  I  do  not  see  any  reason  for  the  in- 
troduction of  the  empirical  formula  in  place  of  the  rational 
equation. 


Fig.  2.— Analysis  of  Alternator  Waves. 

1  =  00 

e  =f{<p)  =2  2!  {xi  sin  i  ^  -{-  yicos  i  <p)    [t  =  2  n  —  1] 


i=o 


Monocyclic  Machine  A.M.  12—150—600.     1,0  0  volts.    Main 
coil.    At  100  amp.  load. 


Sine  components  of  wave 


a?i  =         8 

jTa  =  —  12.4 

ir^  =  —     1.08 

a?r  =  —      .232 


Cos.  components  of  wave 

/  '  (f )  =  2"  y,  COS  » SB 


y,  =  —  15.4 
y,  =  15.6 
y,  =  —    5.93 

y,  =  .70 

4j  =y  (y)  =  99.21  J  sin  {<p  —  S°  58')  —  .20  sin  (3  ^  —  51"  40') 
—  .061  sin  (5  f  +  79°  41')  —  .0074  sin  (7  ^  —  71"  50') 
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However,  even  if  we  attempt  to  represent  these  curves  by  an 
empirical  formula,  I  believe  the  exponential  function  proposed 
here  is  very  unsuitable,  for  the  reason  that  all  the  more  common 
fLlternating  waves  contain  numerous  inflection  points  and  extreme 
points.  The  exponential  function,  however,  does  not  contain  anv 
inflection  point  or  extreme  point.  Therefore  in  analyzing  an  al- 
ternating wave,  wherever  we  meet  any  inflection  'point,  or  ex- 
treme point,  we  have  to  drop  the  previous  exponential  function 
-and  introduce  a  new  function.  This  means  that  every  half  wave 
has  frequently  to  be  represented  by  as  many  as  8  or  12  or  even 
more  different  empirical  functions.  This  introduces  a  complica- 
tion in  the  handling  of  these  functions  with  which  the  complexity 
of  Fourier's  series  is  nothing,  even  if  we  go  as  high  as  the  19th 
harmonic  or  so. 

When  looking  over  the  curves  given  as  instances  in  the  paper, 
I  must  confess  that  outside  of  the  sine  wave  I  have  not  found  any 
figure  resembling  a  real  alternating  wave,  that  is,  such  a  wave 
as  is  given  by  an  alternating  current  dynamo  where  electric  con- 
-ductors  revolve  through  magnetic  fields,  and  when  glancing  over 
the  numerous  e.  m.  f.  waves  which  came  to  my  observation,  and 
of  which  I  have  a  collection  here,  I  must  confess  that  it  appears 
utterly  impossible  to  represent  them  by  exponential  functions 
with  any  degree  of  simplicity. 

I  have  here,  for  instance,  m  Figs.  1  and  2,  a  very  simple  wave, 
the  E.  M.  F.  wave  of  the  main  coil  of  a  standard  150  k.  w.  mono- 
-cyclic  generator  at  no  load  and  at  load.  This  is  a  very  simple 
wave,  that  is,  contains  a  quintuple  and  a  septuple  harmonic  of 
opposite  sign.  Looking  back  to  the  equation  derived  from  a  test 
of  such  a  machine  you  see  a  quintuple  harmonic  of  23  per  cent. 
And  a  septuple  harmonic  of  13.4  per  cent.,  of  opposite  sign  with 
that  of  tne  quintuple,  in  complete  agreement  witn  theory. 

Thus  these  higner  harmonics  and  Fourier's  theory  are  not 
merely  mathematical  fictions,  but  rational  representations  of  phe- 
nomena taking  place  in  the  machines. 

De.  Emekt  : — I  feel  very  much  gratified  with  the  kindly  way 
this  paper  has  been  received.  I  cannot,  however,  accept  the  in- 
dictment  that  I  have  presented  empirical  formula  except  in  the 
«arae  sense  that  that  of  the  sine  curve  is  an  empirical  formula. 
All  are  representative  curves.  My  formula  take  in  what  is 
practically  a  sine  curve  as  a  special  case,  together  with  a  large 
number  of  other  curves.  The  formula  are  therefore  in  a  sense 
more  general  than  the  sine  function,  though  due  credit  has  been 
given  to  the  latter  for  the  facility  with  which  general  investiga- 
tions can  be  conducted  when  conditions  not  always  practical  are 
assumed.  The  curves  given  by  electric  generators  are  rarely  sine 
•curves.  One  may  show  an  approximate  sine  curve  which  can 
without  serious  error  be  represented  by  and  treated  as  a  sine 
curve,  but  my  system  includes  approximate  sine  curves  and  a 
large  number  of  other  curves  which  represent  actual  curves  as 
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accurately  as  the  sine  curve  does  those  of  a  particular  form.  In 
the  investigation  of  principles  we  must  put  in  place  of  the  thing 
we  have  not,  something  which  represents  it  approximately, 
whether  it  be  by  the  development  of  a  sine  function  or  any  other. 
I  have  made  an  attempt  to  develop  an  equation  which,  with  dif- 
ferent exponents,  will  represent  a  number  of  curves  of  practically 
typical  forms,  including  the  sine  form,  instead  of  being  confined 
to  the  latter,  and  I  have  thought  the  investigation  of  suflScient 
importance  to  bring  it  here  for  the  study  of  oWiers.  I  have  pro- 
gressed further  than  I  have  attempted  to  present,  but,  regular 
business  pressing,  I  became  very  much  fatigued,  and  thou^t  it 
better  to  put  in  shape  what  I  had  already  developed,  in  the  hope 
that  it  would  interest  and  perhaps  be  extended  by  others.  I  be- 
lieve that  the  method  of  investigation  by  means  of  actual  momen- 
tary values  will  meet  with  increasing  favor,  and  as  the  momentary 
values  of  e.  m.  f.  and  current  must  be  multiplied  together  to  give 
the  momentary  watts,  I  have  endeavored  for  this  purpose  to  pro- 
duce simple  equations  that  would  apply  closely  to  actual  curves 
of  different  shapes.  It  is  true  that  by  assuming  the  sine  function, 
direct  values  of  the  watts  may  be  easily  obtained  for  a  given 
phase,  and  even  approximate  watts  obtamed  for  other  curves,  by 
considering  equivalent  sine  curves  and  equivalent  differences  of 
phase,  but  after  all  the  whole  system  is  an  artificial  one.  From 
the  impressed  e.  m.  f.  two  geometrically  equivalent  k.  m.  f.'s  are 
assumed  which  is  a  well-known  device  to  obtain  certain  solutions^ 
For  sine  curves,  mere  power  relations  are  accurately  obtained  in 
this  way.  The  intermediate  phenomena  which  actually  produce 
the  results  are,  however,  smotnered  and  concealed.  The  method 
of  momentarj^  values  works  out  exactly  as  for  direct  current,  and 
every  operation  can  be  ti'aced.  The.  equations  given  are  only 
tools  furnished  to  assist  in  the  prosecution  of  a  higher  order  of 
investigation.  If  in  a  given  case  the  experimental  curve  of  a 
given  generator  under  particular  conditions  can  be  represented 
bv  one  equation,  by  equating  also  the  condition  which  causes  a 
change,  such  condition  may  be  imposed  upon  the  first  equation, 
thereby  modifying  the  form  of  curve  so  that  it  corresponds  prac- 
tically with  the  experimental  curve  under  the  changed  condition. 
The  resulting  momentary  values  have  as  before  the  same  relationa 
as  in  direct  current  work.  This  field  of  investigation  will  be 
found  fascinating  and  instructive,  and  my  first  object  has  been 
accomplished  by  the  introduction  of  the  subject  to  others. 

Mr.  Steinmetz  : — I  cannot  quite  agree  with  Dr.  Emery  that 
alternating  machines  do  not  give  sine  waves.  Amongst  other 
waves  I  have  here  in  Figs.  7  and  8  the  e.  m.  f.  waveof  a300-K.  w. 
three-phase  generator,  at  no  load  and  at  load,  which  wave  is 
practically  a  perfect  sine,  that  is,  the  deviation  of  this  wave 
from  a  true  sine  is  within  2  per  cent,  or  within  the  errors  of  ob- 
servation.^ 


1.  This  machine  is  the  same  of  which  the  field  characteristic  id  given  as  Fig> 
14  in  my  paper  on  "  Some  Features  of  Alternating  Current  Systems." 
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However,  even  where  a  wave  is  not  a  sine  wave,  but  contains 
higher  harmonics,  it  must  not  be  thought  that  the  separation  of 
the  total  wave  into  the  fundamental  and  the  higher  harmonics  as 
done  by  Fourier's  theory  is  merely  a  mathematical  fiction.  It  is 
not  fictitious  but  rational,  and  these  higher  harmonics  have  a  real 
existence  and  find  their  origin  in  the  machine  in  a  wav  which  can 
be  accounted  for  by  the  shape  of  the  ma^etic  and  electrical  cir- 
cuit of  the  machine,  and  even  predetermined  by  calculation. 

Some  months  ago  a  friend  of  mine,  Mr.  E.  J.  Berg,  made  a 
mathematical  investigation  on  the  origin  of  these  higher  harmon- 
ics, which  he  intended  to  bring  as  a  paper  before  the  iNsmuTB 
for  this  meeting,  but  did  not  quite  finish  in  time.  He  arrived  at 
some  very  interesting  results  on  the  origin  of  these  higher  har- 
monics. 

If  the  reluctance  of  the  magnetic  field  of  the  alternator  is  uni- 
form in  all  directions,  the  b.  m.  f.  wave  is  very  closely  a  sine 
wave.  However,  as  soon  as  variations  of  magnetic  reluctance 
take  place,  as  by  the  pas66tge  of  armature  slots  across  the  field 
poles,  higher  harmonics  are  introduced.  Thus,  if  the  armature 
contains  7;  slots  per  pole,  the  magnetic  reluctance  will  rise  and 
fall  h  times  per  half  wave,  that  is,  will  fiuctuate  with  the  fre- 

auency  ^Tt  N^  where  iVis  the  frequency  of  the  alternator,  and 
lus  ii  we  denote  by  JbTthe  average  magnetic  flux  issuing  from 
the  field  pole,  then  the  instantaneous  fiux  will  be  denoted  oy 

T^t)  =  J[f  (1  +  s  cos  (2  i*  ^  —  ai)  ) 

where  t  M  \&  the  amplitude  of  the  magnetic  variation,  ih  its 
phase  angle,  and  the  instantaneous  magnetic  flux  interlinked  with 
the  armature  conductors  will  be  denoted  by 

m  =  J/  sin  ^  (1  -(-  «  cos  (2  A;  y  —  ci) ). 

Differentiating  this,  we  get  as  the  equation  of  e.  m.  f.  : 

e^  A  j  cos  y  -f  ^^  +  ^  e  cos  [(2  A;  +  1)  ^  —  «>] 
_  2A;— 1  e  cos  [(2  Z.*  —  1)  f  —  cJ]  I . 

As  you  see,  the  e.  m.  f.  wave  contains  two  sine  waves  due  to 
the  variation  of  magnetic  reluctance. 

If  A;  =  1,  as^in  a  uni-tooth  alternator  like  the  monocyclic  ma- 
chine mentioned  above,  this  equation  gives  : 

d  =  a  sin  (^  —  ttij)  +  J  sin  (3  ^  —  &^, 

That  means,  you  get  a  fundamental  and  a  triple  harmonic,  but 
no  higher  hannonics.    This  agrees  with  the  test. 

If  ^  =  3,  as  in  a  uni-tooth  three-phaser,  the  e.  m.  f.  equation  be- 
comes : 

6  =  a  sin  (f  —  all)  —  J  sin  (6  ^  —  ^^s)  +  ^  (7  f  —  ^w?). 
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It  only  contains  a  fundamental  and  a  triple  harmonic.  The  latter 
being  24  per  cent,  of  the  fundamental  at  no  load  and  20  percent, 
at  load.  All  the  higher  harmonics  are  very  small  and  prac- 
tically negligible.     The  exact  equation  of  the  wave  is : 

No  load:  sin  f,  —  .242  sin  (3  ^  —  6.3)  —  .046  sin  (5  y  —  2.6) 
+  .068  sin  (7  y  —  3.3)  —  .027  sin  (9  y  —  10.0) 
—  .018  sin  (11  if  —  6.6)  +  .029  sin  (13  ip  —  8.2), 

100  amperes  load :  sin  ^  —  .20  sin  (3  y  —  24.6)  —  .061  sin 
(5  ^  +  124.7)  —  .007  sin  (7  f  —  8.8) ; 

but  it  can  with  sufficient  exactness  be  expressed  by  the  first  two 
terms  only : 


36   40   60   00    70   80  M   100   UO  190   190  110  180  ISO  170   180 

Fig.  8.— Analysis  of  Alternator  Waves. 

1  =  00 

e  =z/{<p)  =  I  (a?!  sin  i  y>  +  Vi  c^s  "^  f)      [i  =  2  n  —  1] 

i=o 

Uni-tooth  Threephase  Machine  A.T.  —  12  —  150  —  600 
*  T.  E.  M.  F.  at  no  load. 


Sine  components  of  wave 

f{ip)  -=1  I  a?i  sin  i  x 

X 1  =       109.5 

aj8  =  —  128 

» 5  =  —  22.8 

«,  =  —  12.4 

a? ,  =  —  0.55 

a?,i  =  —  2.95 

ajjj  =  .595 


Cos.  components  of  wave 

/'  (<p)  =  2'  y,  COS  «  » 

y,=       10.5 
y,  =  —    3.25 
y,  =  — 10.6 
y,  =        7.87 
y,  =  .245 

y„  =  —   4.2 
Va  =         3.38 
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No  load :  sin  ^  —  .242  sin  (3  ^  —  6.3), 

100  amperes  load :      sin  y  —  .20  sin  (3  ^  —  24.6). 

Bepresentlng  this  curve  by  exponential  functions,  we^would 
require  for  every  half  wave  four  different  functions,  and  you  can 
imi^ine  how  difficult  it  would  become  by  using  four  different 
functions  for  various  lengths  of  the  same  half  wave,  how  difficult 
to  handle  these  formula,  infinitely  more  difficult  than  to  use  two 
sine  functions. 

The  matter  becomes  still  worse  when  you  take,  for  instance, 
the  wave  of  the  standard  150  k.  w.  three-phase  generator  of  which 
Figs.  8  and  4  give  the  b.  m.  f.  wave  per  circuit,  that  is  between 
ooflector  ring  and  common  connection,  Figs.  6  and  6  the  b.  m.  f. 
wave  between  lines.  Figs.  3  and  6  correspond  to  no  load.  Figs. 
4  and  6  to  25  amperes  load  of  the  machine,  at  2,000  volts.  These 
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Pio.  4. — Analysis  of  Alternator  Waves. 

1  =  00 

^  =  y*  (^)  =r  2  {xi  sin  i  <p  -{-  yi  cos  i  <p)     [t  =  2  n  —  1] 

Unitooth  Threephase  Machine  A.T.  —  12  —  150  —600. 
2,000  volts.    Y.  E.  M.  F.  at  26  amp.  load       * 


Sine  components  of  wave 

1=00 

f(<p)z=zl!xieinix 

»i  =  +  106 
a%  =—    19 
fl%  =  —      3 
»,  =  +      2.3 
as,  =  —      1.9 
a?«  =  —     2.1 


Cos.  components  of  wave 

IS  00 

/'  (f)  =  2"  y,  COS  »  ar 

y,  =  — 13.9 

y,  =  +    3,6  X 

y,  .=  +    8.8 

y-,  =—   1.1 

y.=+   1.0 

y»  =  —     -7 
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waves  contain  numerous  inflection  points  and  would  require 
eight  respectively  twelve  applications  of  different  exponential 
fiuictions.  That  is  a  complexity  which  it  would  be  useless  to 
attempt  to  untangle.  Expressed  in  Fourier's  series,  however,  the 
wave  contains  a  moderate  sized  triple  harmonic,  a  strong  quint- 
uple, and  a  moderate  sized  septuple  harmonic,  while  all  the  higher 
harmonics  are  negligible. 

The  waves  in  Figs.  3  and  4  can  be  expressed  by  four  terms  only, 
namely : 

No  load :   sin  cp  —  .12  sin  (8  cp  —  2.3)  —  .23  sin  (6  cp  —  1.5) 
+  . 134  sin  (7  y— 6.2), 

25  amperes  load :  sin  ^  —  .176  sin  (3  ^  +  H-'O  —  -085  sin 
{hip  —  33.8)  +  .01  sin  (7  ^p  +  26.6). 
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Fig.  5.  Fio.  6. 

Ko  load.  25  amp.  load  at  2,000  Tolts. 

Potential  waves  A.T.    12  —  150  —  600. 


) 


Their  complete  expression  is : 

No  loacL  sin  f  —  .12  sin  (3  tp  —  2.3)  —  .23  sin.  (5  ^  —  1.5) 
+  .134  sin  (7  ^  —  6.2)  —  .002  sin  (9  y  +  27.7) 
—  .046  sm  (11  (p  —  5.5)  +  .031  sin  (13  ip  -  61.5), 

25  amperes  load :  sin  y  —  .176  sin  ( 3  ^  +  11.7)  —  .085  sin 
(5  ^  —  33.8)  +  .010  sin  (7  f  +  26.6  —  .009  sin 
(9  y>  +  39.5)  —  .020  sin  (15  ip  +  130.8). 

The  waves  in  Figs.  5  and  6  are  the  sum  of  two  of  the  waves 
3  and  4  displaced  by  60''. 

From  all  this  you  can  easily  see  how  utterly  hopeless  the  at- 
tempt must  be  to  express  such  waves  by  empirical,  exponential 
functions. 
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Analysis  of  Alternator  Waves. 

Polytooth  Threephase  Machine  A.P.     12  —  300  —  600. 

3  slots  i>er  i>ole  antl  phase.         e.  m.  f.  at  no  load  and  load. 
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Dr.  Emepy  : — We  are  to  be  congratulated  that  this  discussion 
has  induced  Mr.  Steinmetz  to  show  a  number  of  interesting- 
curves  from  novel  machinery  recently  developed,  and  the  adapta- 
tion of  the  Fourier  series  to  the  same.  For  present  purposes^ 
however,  it  should  he  noted  that  the  same  results  would  have 
been  obtained  bv  somewhat  similar  combinations  of  other  than 
sine  curves.  The  painter,  to  produce  his  effects,  puts  a  particu- 
lar color  over  a  particular  area,  another  color  over  another  area, 
and  so  on  until  a  representation  of  the  desired  object  is  secured 
with  suflScient  accuracy  for  the  purpose.  Any  curve  can  be  rep- 
resented and  formulated  by  similarly  applying  at  proper  intervals 
representing  time,  a  sufScient  number  oi  known  curves  of  proper 
sign  and  amplitude,  and  the  equation  of  the  orieinal  distorted 
curve  will  be  the  si\m  of  the  equations  of  the  reguiar  curves.  It 
is  not  necessary  to  be  confined  to  a  sine  function.  Any  function 
can  be  employed  which  will  represent  the  conditions  that  cause 
the  particular  distortion.  If,  as  Mr.  Berg  and  Mr.  Steinmetz 
appear  to  show,  the  changes  in  reluctance  due  to  toothed  con- 
struction indicate  the  selection  of  a  particular  harmonic,  they 
would  also  show  the  manner  in  which  any  other  curve  should  be 
applied.  We  only  claim  that  it  is  much  more  rational  to  find 
the  elements  of  the  applied  curve  from  the  conditions  instead  of 
assunfing  a  sine  curve,  and  this  is  what  is  meant  in  the  paper 
(§  66)  by  ^'  imposing  upon  the  ori^nal  function  another  function 
basea  on  the  actual  conditions  which  produce  a  certain  change.'^ 
The  general  method  is  the  same  in  each  case.  The  whole  is  built 
up  from  various  parts.  The  particular  equations  used  in  this  first 
presentation  of  the  method  are  especially  valuable,  for  the  reason 
that  they  represent  so  many  different  forms  of  curves  by  a  simple 
change  of  the  exponent,  but  the  very  act  of  imposing  conditions 
mathematically  on  such  curves  would  immediately  cnange  their 
shapes.  If  the  experimental  curve  had  points  oi  inflection  the 
representative  curve  would  also  have  the  same.  The  mere  ap- 
plication of  one  curve  upon  another,  so  to  speak,  as  the  artist 
puts  on  his  color,  is  mecnanical,  empirical,  or  whatever  it  may  be 
called,  in  eiUher  case.  The  selection  of  the  particular  curves  thus 
combined  is  certainly  empirical  if  it  be  assumed  in  the  first  place 
that  all  are  sine  curves,  and  the  operation  can  only  be  made  ra- 
tional by  formulating  the  conditions  which  produce  the  change. 
The  trajectory  of  a  projectile  could  be  represented  by  combining 
a  series  of  sine  curves  by  the  Fourier  method,  but  everybody 
knows  that  the  underlying  functions  are  not  duplications  of  a 
sine  curve,  but  a  combination  of  simple  functions  which  give  as  a 
resultant  practically  two  parabolas  combined  to  form  an  unsym- 
metrical  curve. 


The  committee  on  resolutions  then  submitted  the  following  re* 
port,  which  on  motion  was  adopted. 
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To  Thb  Amebioan  Institute  of  Eleotkioal  ENGiNEEBd. 

Gentlemen  :— Your  committee  appointed  to  draft  resolutions  regarding  the 
courtesies  extended  to  its  members  during  its  Niagara  Falls  meeting,  beg  to 
submit  the  following  preamble  and  resolutions  as  its  report : 

Whereas,  the  Ameeioan  Institute  op  Electrical  Engineers  at  this  its  98th 
regular  and  12th  general  meeting  assembled  at  Niagara  Falls,  June  25,  26,  27 
and  28th,  1895,  has  received  many  courtesies  and  privileges  from  various  inter- 
ests identified  with  the  City  of  Niagara  Falls,  and  as  the  Institute  has  ap- 
pointed  the  undersigned  committee  to  voice  the  expression  of  the  Institute's 
appreciation,  it  is  hereby 

Hemdvedf  Ist,  that  the  American  Institute  of  Electrical  Engineers  feels 
a  deep  sense  of  gratitude  for  the  courtesies  extended  to  its  members  collectively 
and  individually,  and  believes  that  the  privileges  thus  bestowed  have  in  no  small 
degree  contributed  to  the  success  of  our  meeting  and  the  enjoyment  of  our  mem- 
bers. 

BsBohed,  2nd,  that  the  thanks  of  the  Institute  be  and  they  are  hereby  ex- 
tended to  the  Niagara  Falls  Power  Co.,  the  Cataract  Construction  Co.,  the 
Westinghouse  Electric  &  Manufacturing  Co.,  and  their  officers  and  employees, 
for  their  kindness  in  opening  their  unequalled  power  station  and  works,  and  to 
the  General  Electric  Co.  for  opening  their  converting  plant  for  utilizing  power 
at  the  works  of  the  Pittsburgh  Reduction  Co.,  for  the  inspection  of  the  members 
and  guests  of  the  Institute,  and  for  their  full  and  cordial  explanation  of  those 
most  interesting  plants. 

Betolwd,  8rd,  that  the  thanks  of  the  Institute  be  and  they  are  hereby  ex- 
tended to  the  Niagara  Falls  Light  and  Power  Co.  and  the  Niagara  Falls  Paper 
Co.  for  the  opportunity  afforded  for  the  inspection  of  these  companies'  plants. 

lUiolved,  4th,  that  the  thanks  of  the  Institute  be  and  they  are  hereby  ex- 
tended to  the  American  Telephone  and  Telegraph  Co.,  for  the  generous  offer  of 
the  free  use  of  its  long  distance  lines  to  all  parts  of  the  United  States,  and  to 
Capt.  Brinker  for  opening  the  Falls  Observation  Tower  to  members  and  guests 
of  the  Institute. 

Respectfully  submitted, 

B.  F.  Thomas,  Chairman, 
B.  J.  Arnold, 
W.  J.  Hammer, 

Committee, 

The  Secretary  annoiinced  that  Mr.  Brackenridge,  one  of  the 
engineers  of  the  Cataract  Constructfcfti  Company,  had  placed  at 
the  disposal  of  members  of  the  iNsnTUTE  and  guests  a  special 
train  from  the  power-house  through  their  model  village  (Echota) 
and  over  the  grounds  of  the  company,  for  three  o'clock  this^ 
afternoon. 
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Pretident  Duncan  in  the  Chair. 


EXISTING  COMMERCIAL   APPLICATIONS   OF 
ELECTRICAL  POWER  FROM 
NIAGARA  FALLS. 


BY  W.  L.  B.  EMMET. 


The  first  arrangements  which  were  made  by  the  Niagara  Falls 
Power  Company,  for  the  commercial  application  of  the  electric 
power  of  Niagara  Falls  were  with  the  Pittsburgh  Reduction 
Company  for  the  delivery  of  direct  current  for  the  manufacture 
of  aluminium  by  their  electrical  process.  In  this  process  the  cost 
of  power  is  an  important  factor,  and  it  is  therefore  naturally  one 
of  the  first  industries  which  we  would  expect  to  find  attracted  by 
the  great  advantage  offered  by  this  town.  The  contract  made  with 
this  company  requires  the  continuous  delivery  of  1500  electrical 
horse-power  in  direct  current  at  160  volts.  The  aluminium  pro- 
cess is  a  continuous  one,  and  cannot  be  interrupted  without  serious 
loss,  since  the  product  is  not  perfect  while  the  furnaces  are  being 
started,  or  when  they  are  not  in  their  normal  working  condition. 
It  is  therefore  necessary  that  spare  apparatus  be  always  held  in 
reserve,  so  that  in  case  of  accident  the  proper  working  conditions 
cannot  be  seriously  interrupted.  To  fill  these  requirements  the 
Cataract  Construction  Company  has  ordered  from  the  General 
Electric  Company  the  apparatus  which  is  now  installed  in  the 
Reduction  Company's  building. 

This  apparatus  consists  of  four  rotary  converters,  having  a  capac- 
itv  of  400  K.W.  each,  and  8  transformers,  each  with  a  capacity  of 
200  K.  w.  The  rotary  converters  are  intended  to  be  used  three 
at  once  in  parallel,  the  fourth  being  always  in  reserve.  These 
machines  transform  two-phase  currents  at  115  volts  into  direct 
current  at  160  volts,  the  output  of  the  three  being  7,000  amperes 
which  will  be  delivered  continuously. 
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The  stationary  transformere  are  designed  for  a  primary  voltage 
of  1000  and  a  secondary  voltage  of  115,  their  function  being  to 
reduce  the  current  generated  in  the  main  power  station,  to  a  suit- 
able pressure  for  conversion  into  the  desired  direct  current.  In 
addition  to  the  rotary  converters  and  transformers,  the  General 
Electric  Company  has  furnished  switchboards,  conductors,  cool- 
ing apparatus,  cables  to  connect  the  plant  to  the  generating  station 
and  all  the  necessary  accessories. 

Rotary  Convertbes. 

The  rotary  converters  installed,  are  of  20  poles,  and  are  oper- 
ated at  150  revolutions  per  minute,  giving  a  frequency  of  26  cy- 
cles per  second.  The  armature  is  of  the  smooth  body  type,  having 
a  cylindrical  winding  of  conductors  formed  of  pressed  stranded 
cables.  These  cables  are  made  up  of  small  bare  copper  wires 
loosely  twisted  into  a  strand.  This  strand  is  then  placed  in  a  die 
under  a  powerful  press  and  is  pressed  into  a  rectangular  form,  the 
wires  being  so  pressed  together  that  the  cable  has  practically  the 
same  effective  copper  section  as  a  solid  bar  of  the  same  size.  In 
spite  of  this  pressing  together  of  the  wires,  we  find,  by  experi- 
ments, that  parasitic  currents  are  practically  eliminated  by  this 
form  of  construction.  On  each  side  of  the  laminations  of  the  ar- 
mature there  are  cylindrical  extensions  for  the  crossings  of  the 
armature  conductors.  The  whole  winding  is  on  a  cylindrical 
surface,  the  ends. of  the  stranded  cables  themselves  being  jointed 
together  at  the  outer  edges  of  the  extensions.  This  machine  has 
a  small  armature  reaction,  5,500  ampere-turns  per  pole,  and  has 
an  average  potential  difference  between  commutator  bars  of  3.6 
volts.  Copper  gauze  brushes  are  used,  there  being  20  studs  with 
three  brush-holders  per  stud.  The  bnishes  are  shifted  and  raised 
from  the  commutator  all  at  once  by  hand-wheels.  The  field 
frame  of  the  machine  is  cast-iron,  and  the  magnet  cores  and  pole- 
pieces  are  of  cast-steel.  The  cores  are  made  in  spool  form,  there 
being  an  enlargement  at  one  end  to  form  the  pole-pieces  and  at 
the  other,  to  increase  the  area  of  contact  with  the  cast-iron.  The 
base  is  in  a  single  casting  with  the  pillow  blocks,  giving  rigidity 
and  alignment.  The  commercial  eflSciency  of  these  machines  is 
about  94  per  cent.     [See  Fig.  1.] 

The  stationary  transformers  used  in  the  plant  are  of  200  k.w 
capacity  each,  eight  being  used  in  all.  They  are  kept  from  in- 
jurious heating,  by  currents  of  air  delivered  from  below,  which 
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passes  upward  through  the  body  of  the  traiief ormefj  and  over  the 
surface  of  the  coils.  Both  the  laminations  and  the  coils  are  built 
with  B paces  for  the  circulation  of  air^  and  the  space  pieces  in  the 
iron  are  eo  arranged  that  the  air  will  follow  the  paths  where  it 
will  do  most  good.    The   trausfoniiers  are  placed  in  the  room 


Fig.  1. — Dlatributing  Switchboard  Connect  ions.     Pittsburgh  Reduction  Co. 

without  casing  or  covering,  so  that  much  of  the  heat  ia  carried 
away  by  radiation^  and  by  convection  of  the  outside  air. 
The  construction  of  these  transformers^  will  be  clearly  under- 
stood when  they  are  exanjined  as  tliey  ttand  in  the  Pittsbnrgh  Re- 
duction Company's  building.     The  laminations  are  held  between 
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two  cast-iron  frames,  by  bolts  and  side  fraraes,  which  hold  the 
whole  structure  rigidly  together.  The  weight  of  the  laminatioDg 
is  borne  by  two  pieces  of  "I"  beam,  held  between  the  end  frames, 
on  which  the  edges  of  the  puncfaings  rest.  These  ^^  I "  beams 
also  serve  to  form  a  compartment  under  the  transformer  into 
which  the  circulating  air  is  delivered.  There  are  four  primary 
and  five  secondary  coils  in  the  transformer  alternately  placed  with 
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Pio.  2.— Heat  Test  of  200  k.w.  Air-Blast  Transformer.  Curve  A,  without 
blast.  Curve  B.  blast  1040  feet  per  minute.  Curve  0,  air  issuing 
from  Transformer.  Point  D.  laminations  after  7  hours  with  Air- 
Blast  at  1040  ou.  ft.  per  minute. 

air  spaces  between  them.  This  arrangement  gives  ample  cooling 
surface,  and  freedom  from  magnetic  leakage.  The  accompanying 
curve  shows  the  temperature  of  one  of  these  transformers  when 
run  at  full  load,  with  an  air-blast  of  1,040  cubic  feet  per  minute, 
requiring  a  power  of  about  one-quarter  of  one  per  cent,  of  the 
transformer.  The  temperatures  here  given  are  taken  by  resist- 
ance measurement  of  the  coils.     It  will  be  observed  that  the  effect 
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of  the  air-blast  is  very  great,  the  Diaximam  temperature  being 
practically  reached  in  three  hours.  The  curve  also  shows  that  if 
the  air-blajBt  was  stopped  when  operating  under  normal  conditions, 
about  three  hours  would  elapse  before  a  dangerous  temperature 
was  reached.     [See  Fig.  2.] 

The  air  for  cooling  transformers  is  conveyed  .to  them  through 
a  large  duct  or  cohered  trench  above  which  they  are  placed.  This 
space  is  formed  by  an  excavation  in  the  floor,  with  brick  retaining 
walls,  and  is  covered  by  iron  plates  flush  with  the  floor,  all  being 
made  practically  air  tight.  The  plates  on  which  the  transformers 
stand,  are  provided  with  openings  in  the  form  of  grids  with  slide 
valves,  by  which  the  admission  of  air  to  the  transformer  can  be 
regulated  at  will,  or  shut  off  altogether.    The  air  is  supplied  by 


Fig.  8.— Floor  plan,  48'  4'  by  87'.     Pittsburgh  Reduction  Co. 

a  60-inch  Sturtevant  blower,  directly  coupled  to  a  five-H.p.  motor. 
Two  of  these  are  installed,  one  as  a  reserve.  Either  will  give  suf- 
ficient air  to  cool  3,000  h.p.  in  transformer. 

The  room  in  which  this  apparatus  is  placed  is  48'x87\  and  is 
designed  and  arranged  to  receive  apparatus  to  the  amount  of 
4,000  H.p.  Only  half  this  capacity  is  now  installed.  This  plan 
was  laid  out  with  a  view  to  the  occupation  of  a  minimum  space,, 
and.  although  the  machines  are  large  for  their  output,  it  fairly 
illustrates  the  compactness  attainable  in  a  plant  of  this  characters 
Figure  3  is  a  floor  plan  of  the  room. 

The  system  of  conductors  and  switches  in  this  plant  is  so  ar- 
ranged that  every  piece  of  apparatus  is  readily  interchangeable 
with  every  other,  so  that  the  spare  pieces  are  always  ready  in  ace* 
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of  trouble,  no  matter  where  the  trouble  may  occur.  This,  as  I 
have  said,  is  ma<fe  imperative  by  the  nature  of  the  reduction  pro- 
cess in  which  a  shut-down  entails  heavy  loss.  The  arrangement 
of  conductors  and  of  apparatus  is  such  as  to  require  about  the 
minimum  amount  of  copper  under  the  circumstances.  The  air 
spaces  below  the  transformers  contain  all  the  conductors  connect- 
ing the  transformers  together,  and  to  the  outside  lines.  The  con- 
ductors from  the  switchboards  on  the  alternating  side  of  the 
machines  lead  downward  into  the  air  chamber,  the  conductors 
from  these  boards  to  the  machines  lead  through  open  ducts  cov- 
ered by  floor  plates.  On  the  direct  cnrrent  side  of  the  machine 
an  open  passage  is  left  under  the  floor,  which  serves  as  a  means 
of  getting  at  the  lower  brushes  and  also  provides  space  for  the 
cables  and  wiring.  The  direct  current  switchboards  are  placed 
above  this  passage,  and  the  terminals  from  their  backs  are  bolted 
directly  to  the  'bus  bars  which  deliver  the  current  to  the  Pitts- 
burgh Reduction  Company's  furnaces. 

With  spme  machines  of  this  class  there  is  no  diflSculty  what- 
ever in  starting,  while  with  others  it  is  impossible  to  start  from 
the  alternating  current  alone.  The  machines  here  installed,  will 
start  from  the  alternating  cnrrent  and  come  up  to  synchronism 
promptly.  After  one  machine  is  in  motion,  the  others  will  be 
started  from  the  direct  current  side,  a  set  of  connections  and  a 
resistance  box  being  installed  for  that  purpose. 

In  throwing  machines  of  this  character  into  parallel,  great  care 
must  be  observed.  We  must  be  sure  that  they  are  exactly  in 
synchronism,  and  also  that  the  direct  current  polarity  is  the  same. 
To  accomplish  this  we  have  arranged  a  system  of  phase  lamps,  by 
which  both  these  points  are  shown.  Each  machine  is  fitted  with 
7  lamps  which  are  required  for  lighting  the  room  and  the  ma- 
chine. Four  of  these  are  on  the  collector  side  of  the  machine 
and  are  so  arranged  by  switches  that  they  can  be  connected  as 
phase  lamps,  two  on  each  side  of  the  two  phase  system  between 
the  machine  and  the  alternating  'bus  bars.  When  all  four  lamps 
bam  together  and  the  fluctuations  of  the  light  become  very  low, 
the  machine  is  ready  to  throw  in.  If  through  misplaced  switches 
or  wrong  connections  the  polarity  of  the  machine  and  alternating 
circuit  do  not  agree,  two  of  the  phase  lamps  will  bum  while  the 
others  are  out. 

The  General  Electric  Company  has  installed  four  900,000  o.  m. 
cables  which  connect  this  plant  with  the  main  generating  station. 
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Tliese  cables  are  lead  covered  and  insulated  with  rubber.  They 
are  jointed  inside  of  the  Reduction  Company's  Wilding  to  small 
cables  which  lead  to  the  switchboards  near  the  transformers. 

Another  of  the  important  contracts  closed  by  the  Niagara 
FaUs  Power  Company  for  the  delivering  of  eleptric  power  from 
the  Falls,  is  that  with  the  company  which  manufactures  the  sub- 
stance which  has  been  given  the  name  "  carborundum."  This 
substance  is  carbide  of  silicon ;  it  is  of  extreme  hardness  and  is 
used  as  an  abrasive  in  the  same  manner  as  corundum  or  emery. 

This  substance  is  manufactured  from  a  mixture  of  sand  and 
coke  by  the  application  of  heat  derived  from  an  electric  current. 
The  ingredients  are  mixed  together  and  piled  in  a  furnacB  be- 
tween two  large  carbon  electrodes.  A  current  is  then  passed 
through  the  mass  which  gradually  heats.  After  a  high  tempera- 
ture is  attained,  the  carbon  and  silicon  begin  to  combine,  and  the 
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Fig.  4. — Arrangement  of  Apparatus.    Carborundum  Co. 

product  collects  in  crystals  on  the  cooler  external  surface  of  the 
mass.  After  the  process  has  gone  on  for  about  24  hours,  the 
current  is  stopped  and  the  mass  allowed  to  cool. 

The  carborundum  crystals  are  found  in  a  loose  crust  on  the 
surface.  This  process  presents  rather  a  peculiar  electrical  prob- 
lem, since  as  the  furnace  heats,  the  resistance  diminishes,  and 
since  it  is  desired  to  supply  a  given  amount  of  power  continuously 
to  this  falling  resistance,  the  amount  of  power  to  be  delivered  in 
the  present  case  is  to  be  1,000  h.  p.  The  pressure  required  at 
the  beginning  of  the  process  is  250  volts,  and  at  the  end  10() 
volts.  The  current  begins  at  3,000  and  ends  at  7,500  amperes. 
The  power  is  to  be  taken  from  one  side  of  the  2,000- volt  two- 
phase  system. 

A  number  of  different  methods  of  supplying  this  power  were 
proposed  and  discussed,  and  the  contract  for  building  the  appar- 
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stus  was  finally  awarded  to  the  General  Electric  Company,  tlie 
fitness  of  the  design  proposed  being,  I  believe,  the  principal 
ground  for  awarding  the  contract.    [See  Fig.  4.] 

The  chief  merits  of  this  apparatus  are,  first,  it  works  without 
-change  of  connection  or  opening  of  the  circuit.  Second,  it  is 
practically  non-inductive  at  all  stages  of  the  process,  the  ap- 
paratus being  so  designed  that  the  magnetizing  currents  are  small, 
and  self-induction  is  in  no  way  depended  upon  for  the  control  of 
the  current.  Third,  the  process  is  continuous,  the  voltage  vary- 
ing gradually,  not  in  steps.  Fourth,  the  apparatus  is  controlled 
Automatically. 

The  apparatus  consists  in  a  transformer  and  a  regulator.  The 
former  has  a  fixed  ratio  of  transformation,  being  built  for  an 
E.  M.  F.  of  2200  in  the  primary,  and  185  in  the  secondary.  The 
regulation  is  virtually  a  transformer  in  which  the  mutual  induc- 
tion of  primary  and  secondary  is  variable.  Its  design  is  some- 
what similar  to  that  of  an  induction  motor,  there  being  two  con- 
<5entfic  parts  built  of  laminations  with  distributed  windings  in 
dots  on  each.  The  outer  member  is  fixed,, while  the  inner  is 
movable  through  an  arc  of  60°.  This  angle  corresponds  to  the 
«pace  between  two  poles,  the  windings  being  so  grouped  as  to 
form  six  poles. 

In  addition  to  the  regular  windings,  the  movable  member  is 
fitted  with  closed  turns  of  low  resistance  between  the  poles,  so 
placed  as  to  prevent  magnetic  short-circuiting  when  the  regulator 
is  in  or  near  mid-position.  Thus  the  regulator  is  a  transformer 
in  which  the  inductive  relation  of  the  two  coils  is  reversible,  and 
in  which  the  mutual  induction  is  variable. 

The  connections  of  the  transformer  and  regulator  between  the 
line  and  furnace  are  shown  in  Fig.  5.  The  regulator  there  appear- 
ing has,  for  the  sake  of  simplicity,  been  shown  with  two  poles 
only,  and  of  Gramme  construction,  while  six  poles  and  cylindri- 
<5al  winding  are  in  reality  used. 

The  transformer  and  regulator  will  be  connected  together  and 
to  the  furnace  by  heavy  copper  bars,  suspended  above  them  from 
the  roof  of  the  building,  The  winding  on  the  stationary  part  of 
the  regulator  is  placed  in  series  with  the  transformer  secondary, 
And  that  on  the  movable  part  is  in  shunt.  The  conductors  at 
different  points  are  proportioned  to  the  currents  which  they  carry. 
Eight  bars,  V  x  Y  o^  suitable  lengths,  give  the  desired  arrange- 
ment. 
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The  transformer  and  regulator  are  cooled  by  circulating  oil.  A 
pump  and  two  tanks  are  used,  one  above  the  other.  The  upper 
tank  contains  a  coil  of  pipe  in  which  water  circulates.  It  is  so  ar- 
ranged that  the  moving  oil  must  flow  over  this  coil  and  give  up 
its  heat.  The  lower  tank  receives  the  oil  from  the  appan^tus,  and 
prevents  an  overflow  in  case  the  pump  stops. 

In  the  transformer,  the  oil  is  admitted  at  the  bottom,  and  flows 
upward  through  and  around  the  coils,  the  coils  being  placed  ver- 
tically and  the  laminations  horizontally.  After  overflowing  at 
the  top  of  the  coil  space,  it  flnds  its  way  downward  over  the  outer 
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Fig.  6. — Distributing  Switchboard.    Carborundum  Co. 

surface  of  the  laminations.  The  regulator  is  so  construoted  that 
it  revolves  in  a  horizontal  plane.  The  cooling  oil  flows  upward 
through  the  air-gap  between  the  two  parts,  and  down  over  the 
outer  surface  of  the  stationary  part,  and  inner  surface  of  the 
movable  part.  The  transformer  is  placed  in  a  cylindrical  tank, 
while  the  regulator  is  self-contained,  the  cast-iron  supporting 
shell  forming  the  outer  casing. 

The  oil  is  lifted  by  a  small  induction  motor  geared  to  a  pump. 
Since  thcprocess  is  not  continuous,  some  means  of  opening  the 
circuits  must  be  provided  so  that  the  apparatus  may  be  cut  out 
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when  the  process  is  complete.  The  arrangements  which  have 
been  made  for  this  purpose  are  shown  in  Fig.  6.  A  pair 
of  large  snap  switches  is  placed,  one  in  each  lead  from  the 
generating  station.  In  parallel  with  one  of  these  switches  a  spe- 
cially designed  water  rheostat  is  placed.  This  rheostat  consists  of 
an  iron  tank  lined  by  a  section  of  vitrified  pipe  of  large  diameter. 

This  tank  is  about  half  filled  with  water,  and  a  pointed  elec- 
trode is  so  arranged  that  it  can  be  raised  or  lowered  from  the 
water  by  a  rope  leading  to  a  small  winch.  Before  the  switch  is 
opened,  the  electrode  is  lowered  into  the  water,  which  provides  a 
non-inductive  circuit  in  parallel  with  the  switch.  After  it 
is  opened  the  electrode  is  raised,  which  increases  the  resistance 
till  the  circuit  is  broken  at  the  surface  of  the  water.  The  vitri- 
fied pipe  prevents  the  possibility  of  arcing  or  contact  between  the 
electrode  and  the  iron  tank. 

A  switchboard  will  be  installed  on  which  the  switches  will  be 
mounted,  also  the  switches  for  controlling  the  pump  motor.  Cur- 
rent indicators  will  be  mounted  on  this  board  which  show  the 
current  in  the  primary  leads,  also  the  current  passing  to  the  fur- 
naces. These  indicators  will  be  operated  from  small  transform- 
ers which  encircle  the  conductors.  A  voltmeter  will  also  be 
installed  which  will  show  the  e.m.f.  at  the  furnace  terminals. 

This  plant  will  for  the  present  be  operated  by  cables  branching 
from  those  leading  to  the  Pittsburgh  Reduction  Company's  plant. 


Discussion. 

Mr.  Jules  Neheb: — We  have  all  had  an  opportunity  of  visit- 
ing the  transformer  house  of  the  PittBburgh  Reduction  Companjr, 
and  certainly  we  all  have  admired  the  beautiful  workmanship 
and  the  imposing  size  of  the  apparatus  described.  I  am  peculi- 
arly interested  in  these  machines,  and  therefore  would  like  to  be 
permitted  to  put  a  few  questions  to  the  parties  who  were  con- 
nected with  their  construction,  in  the  hope  of  receiving  a  few 
pointers.  I  know  by  actual  experience  that  a  revolving  converter 
can  be  rated  at  about  130  per  cent,  of  a  generator  of  the  same  di- 
mensions, owing  to  the  fact  that  a  part  of  the  current  goes  di- 
rectly from  the  collector  ring  to  the  commutator  without  in  fact 
makmg  use  of  the  armature  winding  or  the  boosting  effect  of  the 
armature  winding. 

The  machine  to  act  as  a  revolving  converter  is  a  synchronous 
motor,  and  as  I  also  know  by  experience,  the  synchronous  motor 
works  better  in  synchronism  if  tnere  is  a  certain  flywheel  effect 
to  it.  I  think  it  is  cheaper  to  make  a  smaller  flywheel  running  at 
a  high  speed  than  to  make  a  large  flywheel  running  at  very  slow 
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epeed.  Tbis  is  the  second  point.  Another  point :  In  a  machine 
where  we  have  very  many  poles,  the  sensitive  part  of  the  commu- 
tator is  very  much  smaller  naturally,  or  extends  over  a  very  much 
smaller  an^le  than  on  the  machine  with  a  few  poles,  where  the 
neutral  point  extends  over  an  angle  of  quite  a  number  of  degrees. 
This  naturally  has  been  overcome  by  the  use  of  very  many  com- 
tator  bars,  as  is  done  on  the  Siemens-Halske  machines  ;  but  on  a 
machine  for  reducing  purposes  where  the  load  varies  very  much, 
and  often  varies  suddenly,  it  seems  to  me  that  the  sensitiveness  of 
the  commutator  is  a  very  important  point.  I  would  therefore 
like  to  know  just  why  the  number  of  poles,  or  why  the  machine 
in  this  respect  was  planned  so  large.  In  looking  at  the  5,000 
H.  p.  jzenerators  running  at  a  speed  of  250  revolutions  with  a  12- 
pole  neld,  it  naturally  is  striking,  why  a  secondary  machine  which 
nas  no  strains  on  the  shaft,  which,  in  fact,  is  only  a  revolving  fly- 
wheel, should  have  the  exceedingly  slow  speed  of  150  revolutions 
and  a  20-pole  field.  1  have  compared  these  revolving  transform- 
ers with  tne  one  in  the  power-house  back  of  the  switchboard 
structure,  which  is  to  be  used  as  an  exciting  machine  for  the  gen- 
erators. Now  this  small  machine  has  a  capacity  of  200  k.  w.,  and 
runs  at  a  speed  of  500  revolutions,  while  the  Pittsburgh  Redaction 
Company's  transformers  have  a  capacity  of  375  k.  w.  and  are 
about  ten  times  as  large.  I  also  have  compared  these  machines 
with  the  direct  current  generators,  of  say  J, 000  h.  p.,  running  at 
the  Corliss  engine  speed,  or  about  80  revolutions.  Now  I  have 
seen  machines  of  this  type  which  are  about  the  same  size  and 
weight  as  the  Pittsburgh  Beduction  converters,  but  with  double 
output  and  about  half  the  weight,  which  would  make  these  ma- 
chines practically  four  times  smaller.  I  would  be  very  happy  if 
I  could  get  an  idea  why  these  large  dimensions  were  chosen,  not 
only  on  account  of  the  slow  speed,  but  even  compared  with  other 
slow  speed  machines,  which,  as  I  just  stated,  are  about  one-quar- 
ter the  weight. 

Mr.  Emmet  : — The  building  of  direct  current  dynamos  is  some- 
thing which  is  considered  by  a  great  many  people  a  very  simple 
matter  as  compared  with  some  of  the  other  problems  in  electrical 
work.  It,  however,  is  a  fact,  that  the  design  of  the  direct  current 
machine  is  a  matter  of  more  complexity  than  anything  else  that 
we  have  in  electrical  science.  For  certain  kinds  of  machines,  at 
certain  speeds,  and  certain  outputs  and  cei%ain  voltages,  the  prob- 
lem is  very  simple  and  a  good  result  is  certain.  Under  other 
conditions  a  good  result  is  extremely  difiicult  to  obtain.  This  is 
particularly  true  of  large  machines.  A  very  considerable  propor- 
tion of  the  large  direct  current  machines  which  have  been  built 
have  been  failures  to  a  greater  or  less  extent,  and  this  has  been 
particularly  true  in  machines  which  were  operated  with  copper 
brushes  at  low  potentials.  With  rotary  converters  we  have  sev- 
eral additional  conditions  which  still  further  complicate  the  prob- 
lem.   Even  now  there  are  very  few  rotary  converters  in  opera- 
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lion  so  that  we  have  not  much  knowledge  fonnded  on  experience. 
The  machines  in  question  were  built,  or  designed,  nearly  two 
years  ago.  "We  have  had  them  complete  in  our  shops  very  nearly 
a  year.  I  think  there  was  on  the  part  of  the  designing  engineers, 
who  are  not  here  to  speak  for  themselves,  some  misapprehension 
as  to  the  uses  to  which  these  machines  were  to  be  put.  A  rotary 
converter  can  operate  in  many  wavs.  It  can  fill  many  functions. 
It  can  compound  for  losses  in  the  line,  and  it  can  operate  with 
considerable  variation  of  secondary  s.  m.  f. 

It  is  my  belief  that  our  engineers,  knowing  that  the  machines 
were  being  designed  for  an  electrolytic  process,  were  apprehensive 
as  to  the  effect  of  sudden  fluctuations  of  load  on  the  maintenance 
of  constant  potential.  The  specifications  on  which  this  contract 
was  closed,  recited  at  very  great  length  what  the  machines  should 
do.  The  specifications  were  prepared  by  the  engineers  who  de- 
signed the  machines,  some  time  before  the  contracts  were  closed, 
and  they  were  possibly  based  on  a  slightly  wrong  impression  as  to 
what  the  machine  should  do.  We  were  anxious  to  live  up  to  those 
specifications  exactly,  and  the  result  was  the  machinery  as  it  stands. 

The  efficiencies  warranted  in  these  specifications  were  so  high 
that  copper  brushes  were  a  necessity.  The  loss  with  carbon  at 
such  low  Dotentials  is  considerable.  The  present  machines  requir- 
ing sometning  in  the  neighborhood  of  80  or  100  square  inches  of 
carbon  surface  to  take  off  the  cnrrent,  the  heating  effect  of  this 
on  the  commutator  would  be  great.  A  copper  brush  being  de- 
cided on,  it  was  thought  desirable  to  make  a  very  low  armature 
reaction  in  the  machine,  and  to  get  a  low  armature  reaction  with 
the  necessarily  low  voltage  per  oar,  a  large  number  of  poles  was 
indispensable.  So  by  the  operation  of  a  system  of  reasoning 
which  I  cannot  fully  explain  at  present,  but  which  in  the  mind  oi 
the  designer  was  undoubtedly  sufficient,  the  present  form  of  ma- 
chine was  adopted.  It  is  a  large  machine  for  the  output,  simply 
because  its  speed  is  low. 

Since  these  machines  were  built,  we  have  designed  other  rotary 
converters  for  the  purpose  of  making  propositions  on  similar  work. 
Of  these,  some  have  been  copper  brush  and  some  carbon  brush 
machines ;  but  they  all  have  been  smaller  than  the  ones  under 
consideration  now.  We  have  also  built  several  three-phase  rotary 
converters  of  the  same  output  as  these  machines  which  are  now 
in  operation  and  giving  excellent  results. 

The  exact  ratio  between  the  output  of  a  machine  as  a  rotarv 
converter,  and  as  a  direct  current  generator,  cannot  be  stated  dei- 
initely.  It  is  one  that  must  depend  very  much  upon  circumstances 
and  what  the  rotary  converter  is  to  do. 

Mr.  Neher: — 1  am,  indeed,  thankful  for  the  information  ob- 
tained from  Mr.  Emmet.  I  did  not  touch  at  all  upon  the  point 
of  the  copper  brushes,  although  I  think,  as  Mr.  Emmet  has  ex- 
plained to  us,  this  was  one  of  the  leading  points  which  determined 
the  size  and  the  number  of  poles  in  that  machine.     As  to  the  use 
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of  common  copper  brashes  in  general  for  electrolytic  machines,  I 
can  say  that  I  nave  seen  a  s^ood  deal  of  it.  I  think  I  have  seen 
the  largest  electrolytic  machines  that  are  in  operation,  that  is  at 
the  aluminium  works  at  Neuhausen,  Switzerland,  where  there  are 
machines  directly  connected  to  turbines,  vertically,  which  deliver 
7,500  amperes  at  60  or  70  volts.  These  machines  have  24  sets 
of  copper  brushes,  and  it  requires  the  attendance  of  a  man  at  each 
machme  continuously,  to  attend  to  those.  It  was  found  impossi- 
ble there  to  use  carbon  brushes  on  account  of  the  enormous  length 
of  the  commutator  which  would  have  been  necessary ;  though 
since  then,  I  have  seen  the  same  difficulty  overcome  in  the  pres- 
ent machines  of  the  Pittsburgh  Seduction  Company,  and  in  fact 
on  two  old  machines,  vertical  bipolar  machines,  which  had  been 
operated  with  copper  brushes,  and  very  heavy  copper  brushes, 
aoout  three-quarters  inch  thick,  and  where  the  copper  was  ground 
off  at  the  rate,  I  think,  of  between  $100  and  $200  worth  per 
month.  There  the  copper  brushes  were  replaced  by  carbon 
brushes,  and,  interesting  to  say,  by  carbon  brushes  which  stood 
lengthwise  with  the  direction  of  rotation  covering  the  commuta^ 
tor  over  a  space  of  about  2^  inches.  I  saw  these  machines  oper- 
ate after  that,  beautifully  and  without  any  loss  at  all.  The  com- 
mutator stood  for  years  and  the  expense  in  brushes  was  nominal. 

As  to  the  design  of  these  large  converters  with  carbon  brushes, 
I  do  not  think  it  would  have  been  impossible,  though  naturally 
the  whole  arrangement  of  the  machine  would  have  become  en- 
tirely different.  As  much  as  I  have  seen  of  lar^  generators 
with  copper  brushes  in  the  various  Edison  electric  Tight  stations, 
and  of  Siemens'  make,  the  machines  most  assuredly  can  work 
perfectly  with  copper  brushes,  and  I  believe  that  the  rotary  con- 
verters in  this  station  will  work  perfectly  well. 

Mr.  Steinmbtz  : — Wlien  comparing  these  large  converters  re- 
volving at  a  yerj  low  speed  at  the  Pittsburgh  Reduction  Com- 
pany's works,  with  the  small  rotary  converter  running  at  very 
nigh  speed  as  exciter  in  the  power-house,  it  is  quite  remarkable 
how  much  larger  for  their  output  the  former  machines  are. 
However,  the  reason  for  the  design  adopted  in  these  machines 
lay  in  the  particular  nature  of  the  work  required  from  them,  in 
which  it  is  of  the  utmost  importance  that  the  machines  shall  never 
shut  down,  but  run  continuously  for  months  and  months.  For 
this  reason  it  was  considered  advisable  to  use  the  utmost  conser- 
vatism in  their  design.  If  instead  of  using  an  average  difference 
of  potential  of  3^  volts  per  commutator  bar,  it  had  been  deemed 
safe  to  operate  them  at  15  volts  average  potential  between  com- 
mutator oars,  and  carry  2,500  amperes  off  by  carbon  brushes,  it 
is  obvious  that  a  smaller  number  of  poles  and  thus  a  smaller  ma- 
chine might  have  been  used.  However,  this  was  not  considered 
desirable,  but  we  rather  preferred  to  put  more  material  in  the 
machines  and  be  perfectly  safe. 

Besides,  another  point  has  to  be  taken   into  consideration. 
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Polyphase  continnons  cnirent  machines  can  fulfil  either  the  func- 
tion only  of  converters  from  alternating  to  continuous  current^ 
or  can  operate  not  only  for  conversion  trom  alternating  to  con- 
tinuous current,  but  also  to  control  the  potential. 

If  a  machine  is  intended  only  to  receive  the  alternating  cur- 
rent at  whatever  voltage  it  may  be  impressed  upon  it,  convert  it 
into  contimions  current  and  supply  continnous  current  at  what- 
ever voltage  corresponds  to  the  alternating  current  voltage  which 
happens  to  be  impressed  upon  the  machine,  then  the  machine 
can  be  much  smaller  than  a  continuoas  current  dynamo  of  the 
same  output,  or  in  other  words,  a  given  machine  can  be  rated  at 
a  higher  output  as  alternate  continuous  current  converter  than  as 
contmuoua  current  generator,  since  the  ahernating  current  and 
the  continuous  current  in  the  armature  flow  in  opposite  direc- 
tions, and  thus  the  current-heating  of  the  armature  is  due  to  their 
difference  only,  while  at  the  same  time  the  demagnetising  effect 
exerted  upon  the  field,  and  the  distortion  of  the  magnetic  cir- 
cuit are  essentially  reduced.  Under  these  conditions  the  output 
may  be  twice  as  large  or  even  still  larger  compared  with  that  of 
the  same  machine  as  a  continuous  current  ^nerator. 

However,  the  conditions  are  different,  if  besides,  a  potential 
control  is  required  from  the  machine,  that  is  if  the  machine 
shall  supply  constant  continuous  current  potential  at  the  com- 
mutator brushes  indepjendent  of  the  alternating  voltage,  within  a 
certain  range,  which  is!  impressed  upon  the  macnine.  In  this  case, 
by  the  reaction  of  the  alternating  armature  current  upon  the  fields 
which  varies  with  the  varying  phase  relation  of  the  alternating 
current,  and  by  self-induction,  toe  potential  can  be  controlled  so 
as  to  maintain  the  continuous  current  potential  independent,  to  a 
certain  extent,  of  the  alternating  current  potential.  In  such  a 
case  the  rotary  converter  must  be  considerably  larger,  and  be 
practically  of  the  same  size  as  a  continuous  current  generator  of 
the  same  capacity. 

If  I  remember  rightly,  when  the  question  of  designing  these 
machines  was  brougnt  up — it  is  so  long  ago  that  I  have  nearly  for- 
gotten it — we  were  told  that  the  machines  should  deliver  160  volts 
continuous  potential,  while  taking  power  from  a  high  potential 
alternating  circuit  varjring  from  2,000  to  2,400  volts.  This  means 
a  variation  of  alternating  current  voltage  of  20  percent,  had  to  be 
controlled  by  the  converter,  and  for  this  reason  they  had  to  be 
made  as  large  as  vou  see  them.  Had  it  not  been  for  this  require- 
ment, we  would  have  designed  them  considerably  smaller. 

Regarding  the  last  point,  the  reauired  flywheel  capacity,  I  can- 
not agree  with  the  speaker  that  a  nywheel  is  necessary  in  a  syn- 
chronous  motor.  On  the  the  contrary,  in  some  cases  large  fly- 
wheel capacity  is  directly  objectionable,  as  in  starting  a  synchronous 
motor.  In  starting,  the  less  momentum  you  have,  the  quicker 
the  machine  will  start,  and  with  a  heavy  flywheel  it  may  not  be 
able  to  start  at   all  satisfactorily  without  any  external  means 
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However,  under  certain  circurostances,  flywheels  may  be  neces* 
sary,  especially  with  machines  with  weak  and  unstable  magnetic 
fielos  wnich  will  tend  to  fluctuate.  In  this  you  need  a  flywheel  to 
steady  the  motion.  In  generaL  however,  this  is  not  necessary, 
and,  as  far  as  my  experience  goes,  I  never  found  a  case  where 
I  r^uired  a  flywheel  to  hold  a  synchronous  motor  in  step. 

ImL  Nehkb: — ^We  certainly  nnd  that  at  slow  speed  a  large  ar- 
mature will  have  a  flywheel  effect,  and  will  never  be  unsteadv, 
and  die  idea  will  never  strike  any  one  that  this  machine  ought 
to  be  kept  more  steady.  In  making  small  revolving  transformers 
though,  I  think  everybody  has  met  with  the  difficulty  of  getting 
the  machine  to  run  without  pumping.  The  revolving  trans- 
former which  has  not  exactly  the  same  b.  m.  f.  curve  as  the  gen- 
erating machine,  will  tend  to  pfhnp,  and  if  there  is  a  little  of  that 
fl  J  wheel  effect  of  the  armature,  this  pumping  becomes  objection- 
able; in  fact,  I  have  experimented  with  a  revolving  transformer 
which  I  could  not  hold  in  step  at  all.  As  to  the  question  of  start- 
ing, I  think  this  has  been  explained  already,  because  the  Pittsburgh 
Reduction  converters  are  going  to  be  started  from  the  outside. 
Although,  as  this  point  nas  been  touched  upon,  I  would  be 
glad  to  get  some  explanation  of  it,  because  as  far  as  I  know,  re- 
volving converters  on  two-phase  currents  are  started  with  extreme 
ease  from  their  own  alternating  circuit. 

Mr.  Stillwell  :— It  appears  to  me  that  some  of  the  members 
of  the  Institute  might  receive  an  impression,  from  the  remarks 
which  Mr.  Steinmetz  made,  that  the  engineers  of  the  Cataract 
Construction  Company  were  not  very  confident  as  to  the  poten- 
tial they  should  be  able  to  deliver  at  the  other  end  of  their  lines. 
The  fact  which  he  has  stated  with  reference  to  the  specifications 
submitted  to  the  engineers  who  designed  the  rotary  transformers 
is  new  to  me,  and  illustrates  the  difficulties  under  which  the  sys- 
tem here  at  the  Falls  has  been  designed  and  installed.  The 
specification  that  the  generators  should  be  able  to  deliver  their 
full  output  at  any  potential  between  the  limits  of  2,000  and  2,400 
volts,  was  suggested  by  our  company  for  this  reason :  That, 
looking  forward  to  the  time  when  the  machines  should  be  called 
upon  to  deliver  power  for  transmission  to  long  distances,  we  fore- 
saw that  it  would  be  necessary  to  develop  in  one  set  of  genera- 
tors used  for  the  long-distance  service  a  higher  potential  than 
that  used  in  the  other  set  of  generators  used  for  the  local  circuits. 
The  intention  from  the  start,  and  the  confident  assurance  of  all 
the  engineers  concerned  in  the  work,  has  been  that  we  shall  be 
able  to  deliver  for  the  local  circuits  a  potential  closely  approxi- 
mating 2,000  volts,  and  for  the  Buffalo  service,  or  service  in  still 
more  distant  points,  the  same  potential.  I  understand,  from  Mr. 
Steinifietz's  remarks,  that  the  specification  which  the  Cataract 
Construction  Company  laid  before  the  engineers  who  designed 
these  rotary  transformers,  was  not  properly  drawn,  and  was  so 
stated  as  to  impose  upon  them  very  considerable  difficulty  in  tlie 
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design.  I  am  interested  in  the- explanation  of  the  exceptionally 
large  size  of  these  machines ;  but  if  the  specifications  had  been 
clearly  understood  among  all  concerned,  there  would  have  been 
no  reason  why  they  need  have  been  built  of  increased  size  in  or- 
der to  act  as  regulators  for  the  system. 

Mb.  Emmet  :-^I  would  say  in  connection  with  this  that  there 
is  a  possible  misunderstanding.  At  the  time  when  these  propo- 
sitions were  being  received  and  this  contract  was  being  clewed, 
the  Westinghouse  Companj^  had  a  little  bit  the  advantage  of  us 
in  the  matter  of  communication  with  the  purchasers,  because 
Mr.  Still  well,  as  engineer,  was  communicating  with  them,  and  he 
obtained  a  correct  idea  and  would  have  acted  upon  it  undoubt- 
edly. Our  engineers  were  not  in  direct  communication  with  the 
Cataract  Construction  Company^  and  some  misunderstandings 
undoubtedly  crept  in.  I  tried  to  look  up  the  history  of  the  case 
but  I  find  that  it  is  impossible  to  trace  it  exactly.  If  the  speci- 
fications, written  or  verbal,  introduced  practical  diflSculties,  I  ad- 
mit there  would  have  been  no  trouble  whatever  in  getting  those 
difficulties  out  of  the  way,  since  the  Cataract  Construction  Cora- 

[)any  has  always  been  perfectly  willing  to  accept  our  advice,  and 
las  generally  allowed  us  to  do  work  m  the  manner  which  we 
thought  best.  I  think,  however,  that  in  this  case  there  was  some 
misunderstanding,  and  that  appeal  was  never  made,  because  our 
engineer  thought  they  were  tied  down  to  certain  conditions  and 
could  not  avoid  them. 

Mr.  Stbinmetz: — I  would  like  to  take  up  the  question  of  fly- 
wheels once  more.  The  statement  that  a  synchronous  motor 
tends  to  hunt  if  the  wave  of  impressed  e.  m.  f.  is  different  from 
the  wave  of  counter  e.m.f.,  does  not  agree  with  my  experience. 
I  have  run  small  machines  as  rotary  converters  of  i  h.  p.  and  1 
H.  p.,  as  well  as  large  machines  of  400  k.w.,  and  have  operated 
them  from  machines  giving  wave  shapes  entirely  different  from 
that  of  the  rotary  converter.  The  rotary  converter  gave  practi- 
cally a  sine  wave,  with  a  very  small  flattening  at  the  top,  while 
the  generator,  for  instance,  in  one  case  was  a  monocyclic  machine 
with  a  wave  shape  as  mentioned  in  the  last  session,  containing 
a  triple  harmonic  of  about  24  i>er  cent.,  and  in  another  case  I 
used  as  alternator  a  three-phase  machine  with  a  triple  harmonic 
of  12  per  cent,  a  quintuple  harmonic  of  23  per  cent.,  and  a  sep- 
tuple narmonic  of  13  per  cent.,  and  did  not  find  any  tendency 
whatever  to  hunt  or  behave  unstable,  except  in  one  case  where  a 
small  rotary  converter  was  highly  over-excited  and  thereby  be- 
came unstable. 

Regarding  the  starting  of  these  machines,  when  connecting 
them  directly  across  the  mains  while  at  rest,  as  is  most  desir- 
able for  getting  a  quick  start  and  avoiding  the  necessity  6i  rhe- 
ostats and  other  complications,  in  such  a  ease  the  starting  current 
is  about  lito  3  times  the  rated  or  full  load  current,  and  the  ma- 
chine runs  up  to  speed  from  absolute  rest  in  from  a  few  seconds 
to  several  minutes  time. 
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Mb.  Neheb  : — This  flywheel  is  a  slight  curiosity,  but  I  think 
that  the  flywheel  effect  has  to  be  secured,  and  rather  in  the  shape 
of  cast-iron  than  of  expensive  armature  and  commutator-copper, 
and  this  is  why,  on  the  power-house  converter,  that  small  extra 
flywheel  is  to  be  seen,  wnile  on  the  reduction  converters  all  the 
flywheel  is  in  the  armature  itself,  and  none  to  be  seen  outside  of 
it. 

I  do  not  agree  with  Mr.  Steinmetz  in  the  statement  that  a  very 
small  revolving  converter,  running  on  a  different  curve  than  the 
generator  will  not  pump,  because  I  have  seen  them  pump,  and 
do  so  with  any  possible  adjustment  with  any  of  the  field.  I  have 
seen  them  pump  with  a  low  field  and  I  have  seen  them  pump  on 
all  the  steps  of  the  excitation.  It'may  be  that  this  was  on  ac- 
count of  tlie  special  designs  of  the  machines,  which  were  not  de- 
signed as  revolving  transformers. 

As  to  the  flywheel  on  the  machine  which  is  now  in  the  power- 
house, I  would  like  to  say  that  this  machine  has  such  an  exceed- 
ingly small  armature,  of  so  exceedingly  small  diameter,  although 
it  runs  with  a  speed  of  500  revolutions,  that  the  flywheel  effect 
of  this  machine  can  in  no  way  amount  to  the  flywheel  effect  of 
one  of  the  armatures  in  the  Pittsburgh  Reduction  power-house  ; 
and  therefore  I  still  maintain  that  in  those  big  machines  the  fly- 
wheel effect  was  secured  by  a  slow  speed  and  very  large  diam- 
eter. I  simply  think  it  is  cheaper  to  secure  it  by  high  speed  and 
small  diameter. 

Mb.  Steinmetz  : — I  think  I  can  explain  the  discrepancy  be- 
tween the  observations  made  by  me,  and^  those  made  by  the  last 
speaker  in  regard  to  the  hunting  of  the  machines.  The  machines 
I  observed  were  not  specially  built  as  rotary  converters  either, 
but  were  standard  continuous  current  motors  or  generators  changed 
to  converters.  Still  I  did  not  notice  any  hunting.  But  most  of 
my  experience  was  limited  to  three-phase  machinery,  while  the 
last  speaker  probably  got  his  experience  from  quarter-phase  ma- 
chines. Now,  if  you  examine  the  effect  of  the  higher  harmonics, 
especially  that  oi  the  triple  harmonic,  which  is  generally  the 
most  pronounced  one,  you  will  see  that  in  the  three-phase  system 
the  triple  harmonics  coincide  in  phase  with  each  other,  and 
thereby  annihilate  each  other  in  their  magnetizing  action  upon 
the  motor,  that  is,  have  no  effect  at  all,  while  in  the  quarter- 
phase  machine  the  triple  harmonics  combine  in  a  rotary  effort 
which  tends  to  revolve  the  machine  backward  at  triple  synchron- 
ism. It  was  probably  this  effect  which  was  noticed  as  hunting 
by  the  last  speaker,  in  a  quarter-phase  circuit,  but  which  does  not 
exist  in  a  three-phase  circuit. 

Peesident  Duncan: — This  closes  the  programme  of  the 
Twelfth  General  meeting ;  a  meeting  which,  for  the  number  in 
attendance,  and  the  interest  displayed,  gives  great  promise  for 
the  future  of  the  In8titi:te. 

[Adjourned.] 
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"  Allegheny,  Pa.,  April  24th,  1895 

Professor  Edwin  J.  Houston,  Chairman  Com- 

MiTTEB  on   Incompleted   Conoress  Work, 

Philadelphia,  Pa. 
Dear  Sir:    In  reply  to  your  request  for  a  statement  of  the  results  obtained 
by  me  in  regard  to  the  work  on  standards  of  light  and  illumination,  I  would  make 
the  following  report. 

1.  Secondary  Standards:  —  The  result  of  my  work  on  incandescent  lamps 
has  shown  that  a  set  of  two  incandescent  lamps,  mounted  so  as  to  invariably 
have  the  same  point  turned  toward  the  photometer  spot,  as  faced  it  when  the 
lamp  was  originally  standardized,  and  worked  at  the  same  voltage  as  that  at 
which  the  standardizing  was  done,  can  be  used  ,with  very  considerable  accu- 
racy for  secondary  standards.  As  mentioned  in  a  previous  report,  one  lamp  is 
used  for  the  photometric  work,  and  the  other  is  used  as  a  check,  and  when  the 
reference  lamp  has  been  burned  a  total  of  200  hours,  the  set  is  to  be  discarded. 
The  curve  of  fall  of  candle-power  with  life  can  be  used  for  making  corrections. 

2.  Primary  Standards: — Work  on  the  acetylene  standard  mentioned  in  a 
previous  communication  has  been  prosecuted  under  difficulties,  as  I  had  to  make 
my  experiments  with  barium  carbide,  and  could,  up  to  a  week  ago,  obtain  but 
small  quantities  of  the  gas.  I  have  since  been  able  to  obtain  a  sufficient  quan- 
tity, and  have  made  numerous  experiments. 

So  far,  my  attention  has  been  given  to  the  best  means  of  keeping  the  gas  at  a 
uniform  pressure,  and  on  the  best  pressure  to  use.  I  have  devised  a  convenient 
and  satisfactory  method  of  accomplishing  the  former,  and  enclose  a  drawing  of 
the  apparatus  at  present  in  use.  As  regards  the  latter,  I  find  that  a  tolerably 
high  pressure  gives  better  results  as  regards  constancy,  than  a  low  one,  the  pres- 
sure at  present  used  being  12  inches  of  water. 

By  reason  of  the  results  obtained  by  Captain  Abney,  who  showed  that  a  flat 
flame  gives  a  much  more  even  illumination  than  a  round  one,  I  have  been  using 
a  flat  flame.  The  experiments  so  far  made  show  a  very  constant  illumination, 
and  this  without  using  a  chimney. 

The  experiments  about  to  be  made  will  be  on  the  following  points* — a.  effect 
of  impurities  in  the  gas;  (6)  best  means  of  obtaining  flat  flame;  {e)  possibility 
of  accurately  reproducing  standard  absolutely,  by  using  slot  of  definite  size  and 
definite  mode  of  generating  and  using. 
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I  may  saj  that  an  appropriation  of  $800.00  has  been  made  by  the  universitj 
for  the  purpose  of  making  these  experiments. 

In  conclusion,  I  would  state  that  the  acetylene  standard  appears  to  me  to 
have  the  following  advantages,  provided  that  further  experiments  show  it  can 
be  duplicated  successfully. 

\.  Ute  of  definite  chemical  comjxntnd,  on  the  line  suggested  by  Mr.  Ken- 
neUy  at  the  meeting  of  December,  1898.  Even  if  different  specimens  of  calcium 
carbide  should  be  of  dffferent  degrees  of  impurity,  there  is  no  reason  to  doubt 
but  that  these  impurities  can  be  absorbed,  and  pure  acetylene  left. 

2.  It  ie  telf-contained,  the  only  materials  used  being  calcium  carbide  and 
water,  and  no  connection  to  gas  pipes  are  necessary. 


Fig.  1.— Fessenden's  Report. 

A.  Generating  Apparatos.                  W.  Wash  Bottle. 

G.  Guide  Rod. 

C.  Carbide  of  Calcium.                       P.  Gasometer. 

F.  FUme. 

S.  Strainer.                                          V.  Regutating  Valve. 

H.  Slot. 

8.  As  the  substance  burned  is  of  a  definite  chemical  composition,  and  the  di- 
mensions of  the  slot  and  all  the  apparatus  is  capable  of  being  accurately  defined 
in  terms  of  length  and  pressure,  it  seems  to  afford  a  method  of  obtaining  an 
absolute  standard. 

4.  The  light  appeare  to  be  much  whiter  than  ordinary  gas,  which  is  a  point  of 
considerable  importance  in  a  standard.  No  exact  spectro-photometric  measure- 
ments have  as  yet  been  made,  however. 

I  remain,  very  truly  yours, 

Reginald  A.  Fessenden. 

[Presented  to  Council  May  21st,  1895,  and  ordered  to  be  printed  in  the 
Transactions.] 
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AMERICAN  INSTITUTE  OF  ELECTRICAL 
ENGINEEES. 


New  York,  September  25th,  1895. 
The  99th  meeting  of  the  Institute  was  held  this  date  at  the 
Hoffman  House,  and  was  called  to  order  by  President  Duncan  at 

8  P.M. 

The  Secretary  read  the  following  list  of  Associate  Members^ 
elected  by  Council  at  its  afternoon  meeting. 


Name. 

Austin,  Sydney  B. 


Addrett. 
Electrical  Engineer, 

Sidney.  N.  Y. 

Vice-President  and  General  Man- 
ager, Allegheny  County  Light 
Co.,  Westmghouse  Building, 
Pittsburg,  Pa. 

Electrical  Engineer,  The  G^en'l 
Electric  Co.,  Lynn,  Mass. 

Manager  and  Sec'y.  and  Treas. 
Charleston  Light  and  Power 
Co.,  Charleston,  S.  C. 

Prof,  of  Physics  in 

University  of  Michigan, 
Ann  Arbor,  Mich. 

Supt.  of  Construction, 

with  Chas.  L.  Cornell, 

Hamilton,  0. 

Engineer  Westinghouse  Elec 
and  Mfg.  Co.,  N.  Y.  Life 
Building,  Chicago,  111. 

Crawford,  Baytd  Francis    Ass't  to  Supt.  Motive 

Power,  Penn*aCo., 
Port  Wayne,  Ind. 

Dawson,  Philip  Associate   and  Chief  Engineer, 

with  R.  W.  Blackwell,  89 
Victoria  Street,  Westminster, 
London,  Eng. 
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Blaxter,  Gso.  H. 


BOYBR,  ElMBR  E. 


Burt,  Byron  T. 


Carhart.  Henry  S. 


Cornell,  John  B. 


Coster,  Maurice 


Endorsed  by 
■  Harris  J.  Rjran. 
Ernest  Merritt. 
Fred'k  Bedell. 

0.  B.  Shallenberger. 
Chas.  F.  Scott. 
Alex.  J.  Wurts.. 

H.  A.  Foster 
H.  Lemp,  Jr. 
Elihu  Thomson. 

Geo.  W.  Davenport. 
B.  W.  Rice,  Jr. 

A.  L.  Rohrer. 

M.  I.  Pupin. 
F.  B.  Crocker. 

B.  F.  Thomas. 

S.  B.  Fortenbaugh. 

B.  J.  Arnold. 

C.  L.  Cornell. 

L.  B.  Stillwell. 
Chas.  F.  Scott. 
B.  F.  Thomas. 

Chas.  B.  Dudley. 
F.  L.  Hutchinson. 
Leo.  A.  Phillips. 

H.  F.  Parshall, 

1.  E.  Winslow. 
R.  W.  Pope. 
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Dkoev,  Lewis 


DuKLAP,  Will  Knox 


Fbbmtear,  Thomas  C. 


Constructing  Bngineer, 
Gen'l  Electric  Co., 

Rio  de  Janeiro,  Brazil. 

Electrical  Engineer,  Westing- 
house  Eleo.  and  Mfg.  Co., 
Pittsburg.  Pa. 

Gen'l  Manager,  Cayadutta  Elec. 
Railway  Co^  Gloversville.  N.Y. 


Hakonson,  Carl  Harold  Assistant  Engineer,  Genl 
Electric  Co.,  P.  0.  Box  254, 
Schenectady,  N.  Y. 

Harrison,  Russell  B.  Pres.  and  Electrical  Engineer 
Terre  Haute  Electrical  K'way 
Co.,  Terre  Haute,  Ind. 

Harybt,  Robert  R.  19  So.  Franklin  Street,  Wilkes- 
Barre,  Pa. 

Graduate  Student  in  Electrical 
Engineering,  Cornell  Univer- 
sity, residence  Hanover,  N.  H. 

General  Manager,  Buffalo  Gen*l 
Electric  Co..  40  Court  Street, 
Buffalo,  N.  Y. 

Student  in  Electrical  Engineer- 
ing Lehigh  University,  So. 
Bethlehem,  Pa.  Residence, 
Chambersburg,  Pa. 

£xB,  W.  Wallace,  Instructor  of  Electricity,  Hebrew 
Technical  Institute.  36  Stuy- 
vesant  Street.  New  York  City. 
Residence,  43  Waverly  Street, 
Jersey  City,  N.  J. 

LufcOLN,  Paul  M.  Electrician-in-charge,  Cataract 
Construction  Co.,  Niagara 
Falls,  N.  Y. 

Mann,  Robert  Bruce  648  Franklin  Street, 

Milwaukee,  Wis. 


Hewitt,  Chas.  E. 


HuNTLST,  Chas.  R. 


Irtinb,  D.  W. 


Merrill,  Josiah  L. 


Mere,  Chas.  H. 


Mitchell,  James 


MoRLET,  EdoarL. 


Parry,  Evan 


Ass*t  to  Estimating  Engineer  of 
the  Construction  Department, 
Gen'l  Elec.  Co.,  Schenectady, 
N.Y. 

with  Messrs.  Robey  &  Co,,  38 
Portland  St.,  Lincoln,  Eng. 
Residence,  The  Quarries,  New- 
castle-on-Tyne»  England- 

Const ructingEngineer  and  Agent, 
General  Electric  Co.,  Rio  de 
Janeiro,  Brazil. 

Superintendent,  Hatzel  &  Buehler, 
114  5th  Ave.,  Residence,  107 
Lexington  Ave.,  New  York 
City. 

Engineer,  The  British  Thomson- 
Houston  Ltd.,  52  Glengarry 
Road,  East  Dulwich,  London, 
S.  B. 


John  W.  Kirkland, 
S.  Dana  Greene. 
Maurice  Oudin. 

0.  B.  Shallenberger. 
C.  P.  Scott. 
L.  B.  StillwelL 

E.  N.  Sanderson. 
T.  C.  Martin. 
C.  J.  Field. 
Chas.  P.  Steinmetz. 
Ernst  Berg. 
H.  G.  Reist. 

Ernest  P.  Warner. 
Henry  H.  Wait. 
Richard  H.  Pierce, 

W.  H.  PoweU. 
J.  H.  Klinck. 
Wm.  J.  Hiss,  Jr. 
Pred'k  Bedell. 
Harris  J.  Ryan. 
Emeet  Merritt. 

H.  A.  Foster. 
Ralph  W.  Pope. 
Wm.  J.  Hammer. 

W.  H.  PoweU. 
J.  H.  Klmck. 
R.  W.  Pope. 

Jos.  Wetzler. 
T.  C.  Martin. 
R.  W.  Pope. 


B.  F.  Thomas. 
Chas.  P.  Scott. 

0.  B.  Shallenberger. 

James  Lyman. 
Alex.  Macfarlane. 
J.  D.  R  Duncan. 

Chas.  P.  Steinmetz. 
J.  P.  B.  Piske. 
Thorbum  Reid. 

H.  F.  ParshaU. 

1.  E.  Winslow. 
R.  W.  Pope. 

John  W.  Kirkland. 
S.  Dana  Greene. 
Maurice  Oudin. 

C.  0.  Mailloux. 
J.  C.  Hatzel. 
F.  A.  Pattison. 

H  P.  Parshall. 
I.  E  Winslow. 
R.  W.  Pope. 


Digitized  by 


Google 


504 


ASSOCIATE  MEMBERS  ELECTED. 


[Sept.  25^ 


PiNKERTON,  Andrew  Electricftl  Engineer,  The  Apollo 
Iron  and  Steel  Co. ,  Apollo,  Pa. 

Powell,  Percy  Howard  Cornell  Universitj.  Class  of 
'96,  residence,  Hempstead,  N.Y. 

Robinson,  Dwiqht  Parker  With  Stone  &  Webster. 
Boston,  Mass..  Residence,  100 
Washington  St.,  Chicago,  111. 

RusHMORE,  Dayid  B.  Student  in  Electrical  Engineer- 
ing, Cornell  University,  resi- 
dence,  168  Grove  St., Plainfield, 
N.J. 

Skirrow,  John  F.  Ass*t  Manager,  Postal  Telegraph- 

Cable  Co.,  N.  Y.  City ;  resi- 
dence, 703  President  St.. 
Brooklyn,  N.  Y. 

Stott,  Henry  G.  Electrical  Engineer, 

Buffalo  Gen'l  Electric  Co., 

Buffalo,  N.  Y. 

WiESE,  GusTAV  Adolph,    City  Electrician  of  Alameda, 

718  Haight  Ave. 

Alameda,  Cal. 

Wilson,  Chester  P.  Sup't  88d  and  Market  Sts.  Power 
Station.  Philadelphia  Traction 
Co.;  residence,  848  N.  4lRt  St., 
Philadelphia,  Pa. 


W.  D.  Weaver. 
Cecil  P.  Poole. 
Ralph  W.  Pope. 

Harris  J.  Ryan. 
Ernest  Merritt. 
Fred'k  Bedell. 

Russell  Robb. 
Chas.  G.  Stone. 
Edwin  S.  Webster. 

Fred'k  Bedell. 
Ernest  Merritt. 
Harris  J.  Ryan.    - 

Francis  W.  Jones. 
M.  M.  Davis. 
Jas.  Hamblet. 

H.  A.  Foster. 
Jos.  Wetzler. 
T.  C.  Martin. 

Chas.  T.  Lindner. 
W.  F.  C.  Hasson, 
Wynn  Meredith. 

Ernest  Merritt. 
E.  L.  Nichols. 
Harris  J.  Ryan. 


Total,  34. 


Mr.  Charles  S.  Bradley  read  the  following  paper  on  "  Phasing 
Transformers." 
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PHASING  TRANSFORMERS. 

BY  0HARLB8  8.  BRADLEY. 

On  account  of  the  large  number  of  single-phase  plants  in  ex- 
istence which  were  built  for  lighting,  and  with  no  thought  at  the 
time  of  running  motors  from  these  systems,  it  has  seemed  to  the 
electrical  engineer  very  necessary  to  produce  a  single-phase 
motor.  Many  talented  men  have  labored  and  studied  upon  this 
subject,  and,  so  far,  the  results  have  not  been  at  all  satisfactory. 

During  the  last  few  years  the  rapid  progress  of  the  polyphase 
motor  has  been  the  only  success.  The  evolution  of  electrical  art 
seems  to  be  toward  the  production  of  apparatus  which  shall  make 
all  systems  mutually  convertible ;  so  that  we  may  be  able  to  con- 
vert the  phases  produced,  into  a  greater  or  lesser  number ;  starting 
with  a  generator  of  three  phases,  we  shall  be  able  to  produce  from 
it  two  or  one.  Again,  generating  two  phases,  we  shall  be  able  to 
convert  it  into  three  phases  or  one.  Again,  starting  with  a  single- 
phase  generator,  we  shall  be  able  to  convert  it  into  two  or  three 
phases. 

The  polyphase  motor  is  so  good  as  to  need  but  very  little,  if 
any  improvement,  but  this  is  so  familiar  to  the  Institute,  that  I 
need  not  go  into  details.  I  think  the  time  is  not  far  distant,  when 
we  shall  be  able  to  fill  out  with  the  alternating  currents,  any 
engineering  problem  that  may  be  required  of  us.  We  will  be  able 
to  take  old  plants  and  modify  them  to  do  any  work  which  may 
be  necessary.  One  of  the  important  links  to  round  out  the  art, 
seems  to  be  the  phasing  transformer,  so  that  we  can  take  a  single- 
phase  alternating  Current,  and  convert  it  into  polyphase  of  any 
desired  number. 

1  have  chosen  for  my  work,  the  conversion  of  single  phase  to 
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three-phafle,  because  the  three-phase  motors  which  we  have  been 
able  to  construct,  give  us  very  much  less  trouble  than  the  two- 
phase.  In  a  series  of  experiments,  I  have  found  that  the  two- 
phase  motor  would  run  at  a  number  of  speeds,  especially  when 
supplied  with  current  from  a  phasing  transformer.  I  supposed 
the  trouble  arose  from  harmonics,  but  of  this  I  am  not  certain. 
The  triphase  motor  never  has  given  us  any  of  this  trouble.  These 
experiments,  however,  were  carried  out  before  the  transformers 
had  been  refined ;  and,  now  that  we  are  getting  more  perfect 
results,  I  think  it  is  very  probable  that  we  could  return  to  the 
two-phase  motor  and  get  much  t)etter  results  than  when  first  tried. 
The  following  is  a  description  of  an  arrangement  of  condensers^ 
and  cores  to  produce  polyphase  and  single  phase  alternating  cur- 


Pig.  1. 


rents.  Many  different  arrangements  of  condensers  and  indue- 
tances  have  been  tried,  and  all  have  failed  to  keep  their  phases 
at  a  working  relation,  except  the  one  1  am  about  to  describe. 

A  diagram  of  the  phasing  transformer  and  connections  with 
the  generator  and  motor,  will  be  found  in  Fig.  1,  a  being  the 
generator,  b  the  simple  section  of  the  transformer,  d  the  conden- 
ser, and  M  the  motor;  r,  primary  of  the  simple  section  of  the 
transformer,  n  and  Z,  primary  of  the  compound  section;  ^,  A,  and 
t,  secondaries  of  the  simple  section  of  the  transformer,  and  jT  and 
A;  secondaries  of  the  compound  section.  The  primary  of  the 
simple  section  of  the  transformer  is  in  series  with  the  compound 
section,  and  condenser.  By  the  proper  adjustment  of  capacity 
and  inductance,  the  magnetic  fiux  in  the  core  of  the  compound 
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section  is  approximately  90  degrees  in  phase  behind  the  simple 
section,  then,  in  order  to  get  three  phases  from  the  two,  I  resort 
to  resultants  in  the  secondaries:  g  and  h  constitute  one  phase, 
h  andy  a  second,  and  i  the  third.  The  essence  of  this  invention 
rests  in  the  arrangement  of  the  compound  section  of  the  transfor- 
mer and  condenser.  There  are,  undoubtedly,  several  ways  of  ex- 
plaining the  theories  involved  in  this  device,  and  most  people 
would  prefer  the  mathematical  description,  but,  as  I  did  not  hit 
upon  the  invention  by  that  method,  I  shall  follow  in  the  explana- 
tion, the  same  method  of  reasoning  as  I  used  to  arrive  at  the  re- 
sult. In  order  to  explain  the  theory  involved  in  this,  refer  to  Fig. 
2,  in  which  a  is  the  generator,  s,  the  inductance,  d,  a  condenser 
or  capacity,  I  and  n  represent  the  leads  to  the  inductance  s,  and 


<: 


Jl     I 
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Pig.  2. 


to  the  capacity  d.  If  the  generator  is  generating  an  electromo- 
tive force  in  the  direction  of  the  arrow.  Fig.  2,  a  current  will 
flow  through  the  lead  I  and  the  inductance  b,  as  represented  by 
the  arrow  prime,  and  through  n  into  d,  in  the  direction  of  the 
arrow  second,  as  indicated  by  the  curves  in  Fig.  3;  that  is,  during 
the  rise  of  the  electromotive  force  through  the  machine  from 
the  point,  <?,  to  the  top  of  the  wave  at  j?,  the  current  will  flow 
in  parallel  into  or  through  the  inductance  e,  and  the  capacity  d. 
Fig.  2.  As  soon  as  the  wave  of  the  electromotive  force  com- 
mences to  decline  from  the  point  p,  the  condenser  will  begin  to 
discbarge,  and  the  current  flowing  from  it  will  be  in  the  direction 
of  the  arrow  third.  Fig.  2.  Also,  at  the  same  time,  the  induc- 
tance will  discharge  its  energy  by  a  current  in  the  direction  of 
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arrow  third,  bo  that  the  current  represented  by  arrow  third  will 
cross  the  zero  line  at  point  t,  Fig  3.,  or  is  delayed  by  a  time  equal 
to  90  degrees.  Thus,  we  see  that  the  .current  represented  by 
arrow  third  will  be  lagging  in  its  time  period  considerably  behind 
that  in  the  lead  r,  represented  by  curve  o-p,  Now,  if  we  wind 
the  lead  I  and  the  lead  n,  upon  an  iron  core  as  shown  in  Fig.  4, 
in  opposite  directions  and  of  the  same  number  of  turns,  and  have 
the  inductance  s  bear  a  proper  relation  to  the  capacity  d,  so  that 
the  currents  represented  by  arrow  prime  and  arrow  second  shaU 
be  equal,  no  magnetic  flux  will  be  produced  in  the  core  during 
the  rise  of  the  potential  of  the  machine  from  o  to  pan  the  curve, 
but  during  the  fall  of  the  electromotive  force  of  the  machine,  and 
during  the  discharge  of  the  inductance  and  condenser  which  is  rep- 
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resented  by  arrow  third.  Fig.  2,  the  currents  flowing  through  n 
and  I  will  be  in  series  and  flowing  in  the  same  direction;  conse- 
quently, the  magnetic  flux  will  be  approximately  90  degrees  later 
than  it  would  be  if  charged  directly  from  the  machine.  I  have  rep- 
resented in  Fig.  2,  a  section  of  lead  by  r,  and  it  will  now  be  clearly 
seen  that  the  current  in  the  lead  r,  will  have  a  phase  difference 
from  the  combined  or  resultant  phases  in  the  leads  I  and  n.  Fur- 
thermore, a  current  in  the  lead  r  will  be  in  lead  of  the  electro- 
motive force  of  the  machine,  because  the  inductance  and  the 
condenser,  previously  described,  cut  off  the  flow  of  the  current 
before  the  machine  has  reached  the  zero  point,  and  when  the  lead 
r  is  placed  upon  an  iron  core  as  shown  in  Fig.  4,  it  has  a  tendency 
to  lag,  which  counter-balances  the  lead  and  leaves  the  main  line 
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onrrent  somewhere  near  in  phase  with  the  e.  m.  f.  of  the  gener- 
ator. 

Please  refer  now  to  Fig.  4,  where  the  leads  I  and  n  are  wonnd 
in  opposite  directions,  and  completely  interlaced  upon  the  iron 
core  l;  the  generator,  inductance  and  capacity  being  indicated  by 
the  same  symbols  as  in  previous  figures.  The  lead  r  is  here  wound 
upon  the  second  iron  core,  which  constitutes  the  primary  of  the 
simple  section  of  the  transformer  as  shown  at  b,  Fig.  1.  In  re- 
ducing to  practice  and  applying  the  transformer  to  an  induction 
motor,  we  find  that  the  inductance  e,  can  be  dispensed  with,  as 
the  apparent  inductance  produced  by  the  motor  furnishes  all  the 
lag  necessary;  and,  it  will  be  noted,  that  in  Fig.  1,  the  extra  in- 
ductance which  we  used  in  our  first  experiments,  is  left  out  of 
the  combination.     The  lead  from  the  simple  section  of  the  trans- 


former, it  will  be  noted,  goes  to  the  center  of  the  compound  sec- 
tion. This  diagram  does  not  represent  the  true  condition  of  the 
compound  section,  for  the  winding  n  and  I  are  together,  or,  as 
before  mentioned,  interlaced  upon  the  core.  The  magnetic  flux  in 
the  two  sections  of  the  transformer  are  approximately  90  degrees 
apart.  The  secondaries  are  therefore  wound  each  partially  upon 
the  two  cores,  so  that  the  three  resultant  phases  may  be  produced 
from  two,  this  being  in  accordance  with  Mr.  Fred.  S.  Hunting's 
invention  for  changing  two  phases  to  three.  For  the  description 
of  this  I  will  quote  Mr.  Hunting's  own  words,  and  the  plan  is  in 
Fig.  6. 

"  If  p^  and  p*  represent  two  primary  circuits  supplied  respec- 
"  tively  with  alternating  currents  differing  in  phase,  or  disposed 
"  in  any  other  suitable  manner  so  that  the  fluctuating  magnetic 
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impDlses  developed  iD  the  cores  m^  and  m'  differ  in  time,  then 
the  secondary  currents  developed  in  circuits  s^  and  s?,  will  differ 
in  time  period.  If  other  circuits  as  s'  and  s*,  be  so  arranged 
that  part  of  their  convolutions  will  enclose  one  magnetic  core 
and  part  another,  there  will  be  developed  in  these  circuits  a 
resultant  current  due  to  the  combined  action  of  both  magnetic 
cores,  and  this  current  may  be  given  any  desired  degree  of  phase 
displacement  with  reference  to  the  current  in  primary  coils  p^ 
and  p^,  accordingly  as  the  number  of  convolutions  surrounding 
the  respective  cores  is  varied.  For  example,  if,  as  shown  in 
circuit  8^  an  equal  number  of  convolutions  is  placed  around  each 
core,  then  there  will  be  developed  in  circuit  s*  a  resultant  cur- 
rent having  its  phase  half  way  between  the  phase  of  current  in 


Fig.  6. 


coils  p^  and  p^.  If  the  number  of  convolutions  on  the  two  cores 
vary  in  the  proportion  of  three  to  two,  and  be  joined  together 
as  indicated  by  the  coils  s',  the  resulting  current  produced  by 
these  coils  will  be  closer  in  phase  to  the  current  flowing  in  p\ 
providing  the  larger  number  of  convolutions  be  placed  as  indi- 
cated in  the  diagram  upon  the  magnetic  core  controlled  by  coil 
p^  Thus,  by  varying  the  relative  proportions  of  the  two  coils 
inclosing  the  two  magnetic  circuits,  a  resulting  current  of  any 
desired  phase  displacement  with  reference  to  the  phase  of  coils 
p*  and  p^  may  be  developed.  It  will  thus  be  seen  that  by  means 
of  two  magnetic  circuits  or  cores  in  which  magneto-motive 
forces  differing  in  phase  are  developed,  we  may  produce  any 
desired  number  of  currents  of  differing  phase,  and  may  produce 


Digitized  by 


Google 


1895.] 


BRADLEY  ON  PHASING  TRANSFORMERS. 


511 


^^  a  definite  degree  of  phase  displacement,  and  the  resoltant  cur- 
"  rent  may  in  any  case  be  shifted  closer  to  the  phase  of  magneto- 
"  motive  force  in  either  core,  by  increasing  the  inductive  influence 
*^  of  said  core  upon  the  circuit  carrying  the  resultant  current. 

"  In  the  organization  shown  in  the  diagram,  we  will  have  four 
*'  secondary  currents  developed  from  the  primary  coils  p^  and  p', 
*'  and  assuming  that  the  currents  flowing  through  these  coils 
"  differ  in  phase,  all  of  said  secondary  currents  will  differ  in 


Mr.  Scott's  invention  for  changing  two  phases  to  three,  may 
also  be  used,  and  is  shown  in  Fig.  6.  Making  the  resultants  in 
this  manner  by  means  of  the  secondary  windings,  contributes  also 


Fig.  «. 


to  steadiness  of  phasing.     If  desired,  two  secondaries   having  a 
proper  two-phase  relation  may  be  used  on  the  motor. 

The  experimental  work  in  which  I  have  been  greatly  assisted 
by  Messrs.  Hulse  and  Chapman,  has  occupied  a  long  time  and 
has  passed  through  a  great  many  stages.  The  results  represent  a 
great  deal  of  patience,  and  we  have  chased  the  phases  from  zero 
to  180  degrees,  back  and  forth,  until  there  is  a  well-worn  path 
between  these  two  points,  but  finally  we  have  a  set  of  beautiful  re- 
sults, and  the  electromotive  force  curves  will  be  found  in  Fig.  7, 
taken  from  the  tmnsf ormer,  in  connection  with  a  half-horse  power 
motor,  running  at  full  load,  and  Fig.  8  gives  the  current  curves 
of  the  same.  This  motor  gives  powerful  starting  torque,  and  it 
gives  me  pleasure  to  show  it  to  you  here  in  operation.     I  want  to 
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bring  to  your  attention  one  feature  of  the  compound  coil  used  in 
combination  with  the  condenser,  which  will  be  found  in  Figs.  9 
and  10.  If  we  suppose  a  direction  of  motion  as  shown  by  the 
arrow,  and  the  current  in  the  condenser  branch  leads  by  90  de- 
grees, which  is  represented  at  ft,  and  the  current  in  the  inductance 
branch  lags  by  90  degrees  as  indicated  at  c,  and  the  wires  carry- 
ing these  currents  are  wound  in  opposite  directions  upon  the  core, 
we  will  have  a  resultant  current,  which  is  represented  by  exten- 
sion d.  Increase  of  load,  changes  the  phase  relation  of  the  indi- 
vidual branches,  but  not  the  resultant  secondary,  and  this  is 
explained  by  reference  to  Fig.  10,  where  a  75  degree  lead,  and  a 
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75  degree  lag  are  represented  by  the  respective  branches,  and  as 
the  branches  are  wound  in  opposite  directions,  we  find  that  when 
ft  is  turned  over,  it  becomes  a  lag  of  105  degrees,  and  the  resultant 
of  75  degrees  and  105  degrees  again  produce  90  degrees  lag,  and 
the  value  again  represented  by  the  extension  d^  the  value  of  the 
current  is  slightly  less,  but  its  resultant  phase  is  the  same  as  is 
represented  in  Fig.  9.  This  explains  the  steadiness  of  phasing, 
which  we  are  able  to  obtain.  This  may  be  explained  by  an- 
other method  of  diagramming  as  is  shown  in  Figs.  11  and  12, 
where  curve  a  represents  the  fundamental  current,  curve  ft,  Fig. 
11,  a  lead  of  90  degrees,  curve  c  a  lag  of  90  degrees,  and  then  ft 
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being  turned  over,  unites  with  c  to  produce  the  resultant  rf,  which 
is  90  degrees  in  lag  of  fundamental  curve  a.  Now,  in  referring 
to  ]^ig.  12,  where  the  fundamental  current  is  again  represented 
by  a;  curve  ft  represents  a  lead  of  75  degrees,  and  full  line  curve 
c  represents  a  lag  of  75  degrees  ;  then,  when  curve  ft  is  turned 
over  in  the  windings,  as  shown  in  the  dotted  line,  the  coils  being 
wound  upon  the  same  core,  a  resultant  effect  is  represented  by  the 
curve  rf,  which  is  90  degrees  in  phase  from  fundamental  curve  a. 
Thus  we  see  by  increase  of  load,  which  tends  to  decrease  the  lead 
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of  the  condenser  circuit,  and  also  decreases  the  lag  of  inductance 
circuit,  our  resultant  is  still  in  the  same  phase  relation  to  the 
fundamental  current. 

The  power  factor  is  found  to  be  very  good.  The  current  in 
the  main  line,  feeding  the  transformer  varying  from  10  degrees 
lead  at  full  load,  to  35  degrees  lag  at  no  load,  and  the  motor  at 
starting  produces  the  same  effect  as  when  working  at  full  load,  so 
that  we  have  very  good  phasing  for  starting  and  full  load,  as  well 
as  a  good  power  factor,  it  being  82  per  cent,  even  at  light  loads, 
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and  the  probability  is  that  we  will  have  very  much  better  resultB 
upon  larger  sized  transformers. 

The  condenser  in  this  combination  fills  two  very  important 
functions,  first  assists  in  the.  phasing,  and  second  prevents  the 


Fio.  9. 


Pig.  U. 


lag  upon  the  line.  This  arrangement  does  not  prevent  the  idle 
enrrents  flowing  in  the  motor  circuits,  and  the  secondaries  of  the 
phasing  transformer,  and  we  find  in  small  motors  with  the  high 
period  of  140  cycles  that  the  apparent  energy  in  the  motor  cir- 
cuits is  sometimes  two  and  one-half  times  the  apparent  energy  in 


Fig.  10. 


Fig.  12. 


the  main  line.  The  capacity  of  condenser  for  a  one-half  horse- 
power motor  when  1,000  volts  are  supplied  to  the  transformer  is 
about  2.4  microfarads.  Our  condenser  for  this  size,  without  con- 
nections, occupies  a  space  of  a  cube  four  inches  on  each  side,  and 
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capable  of  enduring  3,000  volts,  or  a  factor  of  safety  of  four,  as 
the  voltage  on  the  condenser  is  about  700.  Of  course,  it  will  be 
understood  by  those  familiar  with  the  designs  of  induction  motors, 
that  it  is  impossible  to  design  a  small  motor  with  small  power 
factor,  as  the  air-gap  necessary  for  mechanical  construction  has  to 
be  so  large  in  proportion  to  the  size  of  the  motor. 

Many  attempts  have  been  made  by  placing  the  condenser  in 
direct  connection  with  motors  to  produce  rotary  fields,  but  have  so 
far  been  attended  with  little  success;  as  the  trade  requires  the  motor 
to  be  of  comparatively  low  voltage,  which  calls  for  a  large  capac- 
ity in  the  condenser,  and  as  the  output  of  the  condenser  of  a  given 
capacity  is  proportional  to  the  square  of  the  voltage,  it  will  be 
seen  how  advantageous  it  is  to  place  the  condenser  in  combina- 
tion with  the  primary  of  the  step-down  transformer. 

It  may  seem  trite  to  call  your  attention  to  the  fact  that  the 
transformer  reduces  the  voltage  at  the  same  time  it  does  the 
phasing,  but  I  think  it  is  so  important  that  I  wish  particularly  to 
emphasize  the  fact.  It  is  also  of  great  importance  that  the  device 
has  no  moving  parts. 

Upon  reference  to  the  cuts  showing  the  curves  obtained  of  the 
electromotive  force  and  current,  it  will  be  readily  seen  that  they 
are  all  of  true  sine  form.  The  current  for  this  work  was  ob- 
tained from  a  75  k.  w.  Slattery  alternating  machine.  This  ma- 
chine has  a  surface  winding  on  the  armature,  and,  therefore,  gives 
practically  a  sine  wave.  Just  what  the  transformer  may  do  on 
all  the  various  dynamos  that  are  in  the  market,  giving  all  sorts  of 
complex  waves,  it  is  difficult  to  say,  with  our  present  experience, 
but,  so  far  as  we  know  now,  the  transformer  tends  to  smooth  out 
all  the  irregularities. 

While  the  principal  use  for  this  device  at  present  seems  to  be 
the  application  of  polyphase  motors  to  single-phase  lighting  sys- 
tems, many  new  ones,  undoubtedly,  will  be  found.  It  may  seem 
bold  to  think  of  applying  this  to  long-distance  trolley  railroads, 
but  I  am  hoping  to  have  it  done. 

It  is  much  more  simple  to  have  one  trolley  wire  with  track 
return,  than  to  have  two  trolley  wires  which  would  be  required 
by  the  direct  application  of  polyphase  systems.  A  large  amount 
of  power  requires  either  a  large  current  or  high  voltage,  in  order 
that  the  resistance  of  contact  of  whatever  device  is  used  to  make 
connection  to  line  need  not  be  too  great.  As  viewed  at  present, 
it  seems  as  if  the  alternating  current  must  be  used  for  this  work. 
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If  80,  and  unless  the  traflSe  is  extremely  frequent,  it  will  take 
many  more  transformers,  if  they  be  placed  along  the  line,  than  if 
the  transformation  is  made  upon  the  car  or  locomotive ;  because 
the  transformers  along  the  line  having  no  trains  or  care  near 
them,  would  be  idle. 

If  the  voltage  is  stepped  down  on  the  car  or  locomotive,  it  i» 
just  as  economical  to  do  it  by  the  phasing  transformer,  with  the 
exception  of  the  added  weight  of  condensers,  which  for  a  1,200 
H,  p.  locomotive  will  be  about  two  tons,  and  this  is  not  of  conse- 
quence on  so  large  a  power. 

These  condensers  are  very  compact  and  efficient,  and  will  stand 
from  three  to  four  times  their  working  voltage,  without  punctur- 
ing the  dielectric.  I  am  sorry  I  cannot  show  you  the  condenser 
in  all  its  details,  but  for  certain  reasons  I  cannot  do  so  at  present, 
but  will  present  it  to  the  Institute  at  the  first  opportunity. 


Fig.  13. 


Pio.  14. 


A  brief  description  of  the  motor  may  be  in  order,  although  it 
does  not  belong  strictly  to  this  subject.  We  met  with  much  dif- 
ficulty in  developing  a  motor  for  so  high  a  periodicity  as  140 
cycles.  It  is  necessary  to  keep  the  density  so  low,  and  it  is  always 
such  a  temptation  to  try  to  get  all  the  power  from  a  given  piece 
of  apparatus,  that  they  are  always  heating  much  more  than  they 
should. 

With  a  large  number  of  poles  and  slots,  we  found  that  any  use 
of  wide  bars  in  the  armature  was  out  of  the  question,  for  the  ed- 
dying currents  in  the  copper  were  too  serious.  We  also  looked 
for  difficulties  which  we  never  found.  At  times  we  thought  the 
heating  was  due  to  higher  harmonics  produced  from  the  phasing 
transformer ;  but  the  fact  is,  we  never  found  any,  unless  it  was 
in  the  experiments  upon  the  two-phase  motor.  As  mentioned 
before,  the  waves  are  all  of  the  true  sine  form. 
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Oats  of  the  motor  are  shown  in  Figs.  13  and  14,  the  rotary 
field  being  the  exterior  or  stationary  part,  and  the  secondary  or 
induced  constituting  the  armatu)*e.  The  armature  is  composed  of 
two  sections,  or  practically  two  armatures  end  to  end  upon  the 
same  shaft,  one  of  the  armatures  having  a  low  resistance  wind- 
ing and  the  other  a  comparatively  high  resistance ;  the  field  is 
placed  over  a  high  resistance  for  starting,  and  shifted  by  means 
of  a  lever  over  the  low  resistance,  when  it  has  nearly  attained 
speed.  Of  course,  this  arrangement  is  for  securing  the  starting 
up  of  the  motor,  and  has  nothing  to  do  with  the  phasing  trans- 
former, and  the  motor  might  have  rings  for  connecting  the  start- 
ing resistance  to  the  armature  and  operate  quite  as  well.  The 
sliding  of  the  field  gave  trouble,  as  the  air-gap  has  to  be  small, 
and  the  play  at  the  sides  (noted  \a  and  2a)  allowed  the  armature 
to  strike  against  the  field,  and  when  a  tight  fit  was  made,  which 
would  work  easily  when  cold,  it  would  stick  fast  when  the  motor 
rose  in  temperature;  the  writer  therefore  decided  to  give  it  qm'te 
a  clearance  at  these  points,  and  give  it  a  guide  at  the  bottom  of 
the  field  shown  at  3(Z.  This  being  central  and  comparatively  thin, 
the  expansion  is  not  sufiicient  to  cause  sticking,  also  the  guides  at 
\a  and  2a,  being  thin  vertically,  they  may  fit  close  and  still  slide 
easily.  The  lever  for  moving  crown  back  and  forth  is  shown  at 
4a  Fig.  14,  and  5a  Fig.  13.  It  fits  loosely,  having  a  fulcrum 
at  ^a. 
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Discussion. 

Db,  Charlks  E.  Emery: — Mr.  Chairman,  I  am  very  much 
pleased  with  the  paper  and  the  results  here  stated.  We 
congratulate  Mr.  Bradley  on  the  success  that  has  been  attained  by 
his  efforts,  and  wish  that  it  may  be  continued.  The  details 
need  considerable  study,  and  are  perhaps  not  brought  out  in  detail 
sufficiently  to  secure  an  extended  discussion  at  the  present  time, 
I  rise,  however,  to  express  my  appreciation  of  the  work. 

Mr.  Nelson  W.  Ferry  : — I  would  like  to  ask  Mr.  Bradley 
whether  my  understanding  of  this  paper  is  correct — that  he  will 
take  the  ordinary  single-phase  current  and  convert  that  into  a 
multiphase  current  or  polyphase  current,  and  if  so,  whether  it  is 
necessary  that  there  should  ue  a  specially  designed  motor  t<>  work 
with  the  polyphase  current;  whether  his  intention  is  not  to  take 
any  single-pnase  current  and  to  convert  it  into  a  polyphase  cur- 
rent, so  that  it  would  operate  any  make  of  polyphase  motor. 

Mr.  Bradley: — We  have  not»  so  far,  made  any  effort  to  adapt 
it  for  every  polyphase  motor,  but  if  a  standard  voltage  is  adopted 
every  motor  of  standard  make  can  be  used.  This  motor  here  is 
about  75  volts. 

The  President  : — If  your  load  changes,  do  not  your  phases 
change?  For  instance,  you  have  a  single-phase  iurrent  changed 
into  a  two-phase,  or  three-phase  current,  whichever  you  want  to 
change  it  to ;  now,  if  your  load  changes,  do  not  the  relative 
phases  of  the  components  ? 

Mr.  Bradley:— Yes.  But  it  is  so  planned  that  the  phases  are 
exactly  right  for  full  load.  A  starting  torque  is  always  full  load. 
The  pnases  tend  toward  single-phase  at  light  loads.  But  the  sin- 
gle-phase is  sufficient  to  run  the  light  load. 

The  President: — Yes,  I  see  what  you  mean.  But  I  think  your 
efficiency  would  be  exceedingly  small. 

Mr.  Bradley  : — No. 

The  President  : — All  right. 

Mr.  Bkadley:— Well  then,  a  single-phase  motor  would  be  of 
low  efficiency. 

The  President  : — Nobody  ever  denies  that  at  a  light  load  it 
is  low. 

Mr.  Bradley: — At  a  low  rate.  That  is  a  low  rate  before  it 
has  attained  a  speed.  But  in  attaining  speed  and  accelerating, 
your  phases  come  right,  because  you  have  the  full  torque. 

The  President: — I  was  speaking  of  traction  work.  J  sit  pos- 
sible to  take  your  one  phase  and  change  that  in  the  car  to  two 
or  three  phase,  and  get  them  in  such  shape  that  you  may  start  up 
at  any  efficiency  whatever. 

Mr.  Bradley: — Yes.     It  takes  full  torque  at  starting. 

The  President: — Full  torque  just   as  it  you  put  in  resistance. 

Mr.  Bradley: — Yes ;  of  course  it  needs  resistance  in  the 
secondary. 

The  President: — I  see. 
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Mr.  Bbadlbt:— Tt  needs  resistance  in  the  secondary  in  order  to 
keep  the  torque.  But  as  long  as  the  resistance  is  varied  in  pro- 
portion to  the  speed,  why  the  inductance  remains  the  same,  and 
therefore  it  maintains  tlie  same  relation. 

Mr.  Joseph  Sachs: — I  would  like  to  ask  Mr.  Bradley  whether 
the  essential  difference  in  diagram  Fig.  1  and  diagram  Fig.  6  is 
not  entirely  in  the  secondary  connections. 

Mr.  Bradlky  : — Yes. 

Mr.  Sachs  : — And  I  also  understand  that  Fig.  6  is  the  Scott 
method. 

Mr.  Bradley  : — Yes  Mr  President,  I  will  start  up  the  mo- 
tor and  perhaps  that  will  stir  up  discussion.  (Mr.  Bradley^  started 
the  niotor).  We  expected  to  have  had  means  of  showing  the 
torque  of  the  motor  out  we  were  defeated  in  that  at  the  last  min- 
ute. 

Mr.  Sachs  : — Is  not  that  the  same  motor  that  you  showed  at 
the  New  York  Electrical  Society  several  months  ago  ? 

Mr.  Bradley  : — The  same  in  principle. 

Mr.  Sachs  : — More  perfect  I  suppose. 

Mr.  Bradley -.—This  is  140  cycles.  That  was  60.  The  140 
cycle  motor  is  a  great  deal  more  difficult. 

Mr.  Sachs  : — The  principletf  of  construction  are  exactly  the 
same  though,  aren't  they  ? 

Mr.  Bradley: — Yes. 

Dr.  Emery  : — What  is  the  speed  ? 

Mr.  Bradley  :— About  2,000. 

Dr.  W.  E.  Geyer  : — I  am  sorry  to  say  I  have  not  had  time  to 
look  at  this  paper.  It  is  evidently  very  interesting.  I  think  I 
understood  Mr.  Bradley  to  say  that  these  curves  that  he  put  down 
were  all  true  sine  curves.  Perhaps  he  has  an  extra  ready  way 
of  determining  the  shape  of  those  curves,  and  if  he  has,  I  think 
it  would  be  interesting  if  he  would  tell  us  what  it  is. 

Mr.  Bradley: — We  do  it  by  the  contact  method.  It  is  known 
to  almost  all  the  scientific  people.  There  is  a  telephone  and  an 
arrangement  of  resistance  balanced  against — do  you  want  a  full 
description  of  it  ? 

Prof.  Geyer  : — No.  I  thought  perhaps  you  had  something 
extra  about  it. 

Mr.  Bradley  : — No.  But  perhaps  I  had  better  describe  it, 
as  there  may  be  some  present  who  are  not  familiar  with 
it.  There  is  a  disk  on  the  generator  that  has  a  very  small  contact 
made  of  thin  copper  or  steel.  We  are  using  copper.  We  have 
a  hard  rubber  disk  with  a  saw  cut  across  the  surface,  and  use  a 
watch  spring  for  the  brush  to  make  the  contact,  with  a  lever  to 
change  the  position  of  the  brush,  and  a  scale  laid  off  in  degrees 
over  which  a  pointer  from  the  lever  moves.  One  of  the  terminals 
that  comes  from  the  contact  is  carried  to  one  end  of  the  resistance. 
The  other  contact  is  movable  along  the  resistance.     Then   we 
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take  the  battery  or  a  direct  current  from  another  dynamo  and 
connect  with  tne  movable  terminal,  and  with  the  voltmeter  also 
aeross  that  in  shunt,  and  a  telephone  that  is  connected  in  the  line 
leading  to  the  resistance.  The  contact  along  the  resistance  is 
movecT until  the  telephone  is  silent,  when  it  shows  that  the  e.  m.  f. 
of  the  machine  is  balanced  against  the  direct  e.  m.  f.  force;  and 
then  the  voltage  is  read  off  on  the  voltmeter  showing  the  voltage 
at  the  moment  the  contact  is  made.  Now  if  the  contact  lever  is 
moved  to  a  zero  position  of  the  generator  where  the  wave  crosses 
the  neutral  line,  and  the  contact  is  moved  until  the  telephone  is 
silent,  the  reading  then  is  "no  voltage."  Then  by  moving  the 
lever  degree  by  degree,  and  moving  the  contact  until  the  tele- 
phone is  silent  each  time  and  reading  off,  it  shows  the  voltage  at 
each  point  on  the  passing  of  the  contact  piece  iil  the  disk  under 
the  brush.  In  that  way  we  get  a  complete  plotting  of  the  curve 
of  the  machine. 

Now,  if  instead  of  making  our  connections  with  the  machine, 
we  make  our  connections  at  some  other  point  in  the  system — 
the  motor  and  transformer  or  whatever  you  like,  connected  with 
the  machine,  of  course  the  time  period  being  supplied  by  the  ma- 
chine, it  must  therefore  rotate  in  synchronism  and  read  off  the 
E.  M.  F.  and  shape  of  the  wave  in  any  of  the  circuits,  between 
these  two  in  the  outside  pair,  the  transformer  or  any  other  part 
of  any  apparatus  that  may  be  in  the  system  connected  to  that 
particular  machine.  We  nave  used  it  a  great  deal  and  found  it 
very  successful.  The  currents  are  read  off  in  very  much  the  same 
way,  except  that  we  use  a  resistance  in  series  with  the  work,  and 
take  the  drop  over  the  resistance  by  the  same  method.  This, 
with  small  currents,  is  difficult,  but  we  get  sufficient  to  give  us 
the  plotting  of  the  curve.  We  have  not  had  machines  large 
enough  to  give  a  current  great  enough  so  that  we  could  get  per- 
fectly accurate  results  as  to  the  current,  but  accurately  enough 
to  show  that  it  is  a  sine  wave. 

Mr.  a.  E.  Kennelly:— I  cannot  say  that  I  have  had  any  ex- 
perience on  this  subject  as  I  have  bad  the  pleasure  of  seeing  this 
motor  for  the  first  time  to-night.  But  I  would  like  to  make  a 
sketch  to  see  if  my  idea  of  its  operation  is  a  correct  one.  As  I 
understand  it,  there  are  two  transformers,  one  of  which  is  an  or- 
dinary transformer  and  the  other  of  which  is  a  transformer 
divided  in  two  halves.  Now  this  first  transformer  produces 
B.  M.  F.  in  the  secondary.  It  may  be  represented,  say,  by  a 
straight  line,  six  inches  long  and  horizontal.  The  second  trans- 
former, inasmuch  as  it  contains  a  condenser  and  a  suitable  induct- 
ance in  circuit  with  it,  produces  at  full  load  an  e.  m.  f.  which  is 
at  right  angles  to  the  first.  Now  those  two  e.  m.  f.'s  are 
capable,  when  united  properly  in  their  secondary  circuits,  of 
operating  a  two-phase  motor.  But  the  object  of  the  designer  in 
this  case  was  to  operate  a  three-phase  motor,  and   to  do   that  he 
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arranged  it  in  this  way.  What  is  needed  in  a  three-phase  motor 
are  three  e.  m.  F.'sat  angles  of  120^  apart  like  that  (ilhistrating). 
He  takes  for  the  first  b.  m.  f.  a  portion  of  this  single  phase  e.  m.  f. 
Then  he  divides  the  remainder  of  that  up  into  two  smaller,  and  he 
•cuts  the  vertical  one  in  half  and  unites  a  little  piece  of  each  hori- 
zontal with  the  vertical  in  this  way,  a  short  piece  of  the  horizontal, 
then  half  the  vertical,  giving  a  resultant  in  that  direction,  120*'oflf 
here,  so  ;  and  then  the  remainder  of  the  horizontal  he  combines 
with  this  backwards,  producing  that  combination  and  therefore 
120^  off  here.  The  three  s.  m.  f.'s  at  full  load  are  then  capable  of 
supplying  the  triphase  system  of  currents  that  is  needed  in  the 
motor.  D\xl  at  light  load  this  combination  which  gives  the  e.  m.  f. 
at  right  angles  to  the  ordinary  single  phase  transformer  is  no 
longer  able  to  sustain  its  fall  value,  and  these  two  diminish  very 
much.  So  that  finally  you  get  a  close  approach  to  a  single  phase 
s.  H.  F.  and  a  single  phase  motor.  Only  at  full  load  currents  can 
you  get  the  triphase  combination.     Am  I  right? 

Mr.  Bradley  : — That  is  correct.  I  would  like  to  say  that  that 
is  all  that  is  necessary. 

Mr.  Kennellt  : — I  might  say  it  is  not  only  necessary  but  im- 
portant. 

Dr.  Gary  T.  Hutchinson  : — It  does  not  seem  to  me  that  Mr. 
Bradley  has  explained  at  all  why  his  arrangement  in  Fig.  6  diff- 
■ers  f rom  the  arrangement  shown  in  Fig.  1.  Why  does  he  split 
the  secondary  up  into  three  parts  instead  of  two,  and  in  the  otner 
<5ase  into  two  parts  instead  of  one.  The  primaries  are  identical. 
Where  does  the  difference  in  effect  come  in  ?  What  is  the  differ- 
•ence  in  the  results  ? 

Mr.  Bradley  : — The  results  are  not  different.  Mr.  Scott's 
plan  would  require  a  little  less  wire,  a  little  less  copper,  but  only 
a  little  less. 

Dr.  Hutchinson  : — Mr.  Scott's  method  does  all  that  Mr.  Brad- 
ley's does,  and  it  is  simple. 

Mr.  Bradley  :— Yes,  it  is  a  little  simpler ;  that  is  so  far  as  that 
particular  part  of  it  goes. 

Dr.  Hutchinson  : — Well,  what  other  part  of  it  is  there  ?  That 
is  what  I  asked  you.     Is  there  any  other  part  ? 

Mr.  Bradley  : — There  is  decidedly  another  part. 

Dr.  Hutchinson  : — What  is  it  then  ? 

Mr.  Bradley: — I  described  that  in  what  I  styled  the  combined 
section  of  the  transformer.  The  combined  section  of  the  trans- 
former gives  me  a  method  of  phasing.  Those  are  wound  inter- 
laced, which  gives  the  two-pha©e.  By  running  a  two-phase  motor 
1  would  not  need  to  use  either  Mr.  Scott's  plan  or  Mr.  Hunting's 
plan.  But  in  order  to  convert  into  three  I  must  use  one  plan  or 
the  other.  There  is  very  little  difference  between  the  two.  Mr. 
•Scott's  is  a  little  more  simple  and  requires  a  little  less  wire.  The 
invention  lies  in  the  primary,  not  in  the  secondary.  I  thought 
the  description  was  very  full  as  regards  that. 
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Dr.  Hutchinson: — In  your  diagram  the  primary  is  identical 
with  the  other  diagram. 

Mr.  Bradley: — The  diagram  in  Fig.  4  ? 

Dr.  Hutchinson: — Fig.  6  and  Fig.  1. 

Mr  Bradley  : — The  essence  of  the  invention  lies  in  getting 
M.  M.  F.'s  in  two  cores  differing  in  phase.  This  is  done  by  means 
of  the  condenser  ^nd  inductance  and  their  connecting  circuit?, 
which  are  wound  in  opposite  directions  to  produce  a  resultant  in 
one  core,  while  the  otiier  core  is  enclosed  by  the  convolutions  of 
the  line  leading  to  the  above  core  vibration,  which  produces  two 
phases  as  shown  in  Fig.  4.  Then  having  the  two  phases  I  use 
these  other  gentlemen's  inventions  to  convert  it  from  two-phase 
into  three. 

Mr.  F.  N".  Waterman:— I  would  like  to  ask  one  question,  if  I 
may,  and  that  is  whether  these  two  curves  shown  in  Fig.  7,  which 
show  exact  three-phase  relations,  could  be  obtained  eaually  well 
from  the  motor  at  the  period  of  starting.  I  understand  that  this 
is  taken  from  a  half  horse-power  motor  running  at  full  load. 
What  would  the  phase  differences  be  at  the  moment  of  starting. 

Mr.  Bradley: — They  are  the  same. 

Mr.  Waterman: — They  are  the  same  as  at  full  load? 

Mr.  Bradley: — Yes. 

Mr.  Waterman: — May  I  ask  a  question  further,  and  that  is, 
what  the  departure  might  be  expected  to  be  in  a  motor,  say  of  the 
same  size,  while  running  at  10  per  cent,  of  its  load. 

Mr.  Bradley: — Running  at  10  per  cent,  of  its  load  the  phases 
would  be  quite  different.  It  would  approach  a  single  phase  con- 
dition. 

Mr.  Waterman: — I  understood.  I  merely  wanted  to  know  if 
you  could  tell  us  about  how  near  that  was. 

Mk.  Bkadley: — Well,  I  have  no  exact  data  to  ^ve  you  now 
on  that  question.  Perhaps  you  do  not  realize  that  m  starting  up, 
the  motor  really  exerts  full  torque  and  therefore  the  inductance 
is  the  same  as  when  running  at  full  load.  In  such  a  case  as  this^ 
where  there  are  two  sets  of  resistances  in  the  annature  part^ 
the  resistances  have  to  be  planned,  so  that  it  shall  have  the  same 
inductance  in  starting  as  at  full  running  load. 

Mr.  Waterman: — That  is  the  point  I  had  in  mind.  It  is  evi- 
dent that  these  conditions  represented  in  Fig.  7  are  not  obtained 
when  you  use  the  other  side  of  the  annatnre,  and  niy  point 
was  whether  in  the  condition  in  which  you  have  it  for  starting,, 
the  three  phase  condition  is  attained  with  anything  like  the  per- 
fection shown  in  the  diagram. 

Mr.  Bradley: — Yes,  it  is,  and  that  is  done  by  the  resistance 
in  the  secondary  ;  while  accelerating,  it  is  exerting  full  torque,  and 
the  indnctance  is  approximately  the  same  as  at  full  running  load. 
Of  course  it  miy  be  that  with  that  particular  armature  we  have 
not  arrived  at  exactly  the  right  proportions,  but  we  came  near 
enough  so  that  we  have  a  good  starting  torque. 
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Dr.  Hutchinson  : — Do  you  purpose  with  a  large  motor  to  have 
a  double  armature,  and  to  elide  it  along  from  one  side  to  another? 

Mr.  Bradley  : — Not  necessarily. 

Dr.  Hutchinson  : — This  is  a  double  armature  practically. 

Mr.  Bradley  : — This  paper  is  on  the  subject  of  the  trans- 
former, and  the  motor  is  the  most  convenient  one  I  had  at  hand 
to  demonstrate  with. 

Dr.  Hutchinson: — A  thing  of  that  kind  is  absolutely  unprac- 
ticable  for  a  large  machine. 

Mr.  Bradley  : — Well,  I  don't  know  about  that. 

Dr.  Hutchinson  : — I  think  nearly  everybody  would  agree  with 
me  on  that  point.  Why  use  a  double  armature  when  you  can  do 
the  same  thing  by  having  resistance  ? 

Mr.  Bradley  : — Of  course  it  is  an  engineering  question  that 
anybody  can  take  up  for  himself. 

Dr.  Hutchinson  : — 1  think  anybody  will  take"  it  against  a 
double  armature. 

Mr.  Bradlky  : — That  may  be.  We  have  had  a  great  many 
discussions  over  that  subject,  and  you  may  be  right. 

Dr.  Hutchinson  : — So  may  you. 

[Adjourned.] 

Discussion  in  Chicago. 

Prof.  W.  M.  Stine  : — The  final  decision  on  such  a  plan  as  is 
hero  proposed  must  rest  on  its  commercial  value.  To  some  ex- 
tent such  a  power  system  must  come  in  direct  competition  with 
the  simple  motors  K)r  continuous  current  service.  The  first  cost 
of  the  polyphase  equipment  must  be  relatively  high,  audits  work- 
ing eflSciency  must  prove  somewhat  lower  than  direct  current 
transmission.  But  tnis  apparatus  has  another  field  of  application 
peculiarly  its  own,  to  afford  a  paying  day  load  for  the  alternating 
current  lighting  stations.  Judging  from  what  we  have  seen,  it 
seems  reasonable  to  suppose  that  Uie  first  cost  can  be  brought 
within  such  figures  as,  taking  its  adaptability  and  the  day  load 
feature  into  account,  would  be  low  enough  to  enable  it  to  be  gen- 
erally introduced.  Mr.  Bradley  has  certainly  offered  a  satisfac- 
tory solution  of  the  power  problem  for  single-phase  transmission. 
The  problem  has  been  worked  out  by  Professor  Rowland,  but  his 
solution  does  not  readily  lend  itself  to  a  commercial  form. 
Others  have  attempted  somewhat  similar  designs,  but  have  failed 
because  unable  to  construct  a  satisfactory  condenser.  Mr.  Bradley 
seems  confident  that  he  has  overcome  the  diflSculty  and  can  con- 
struct condensers  which  will  prove  commercially  reliable  with 
high  voltage. 

This  apparatus  contains  some  elements  which  should  make  it 
serviceable  for  long-distance  railway  work.  From  the  present 
outlook,  the  alternating  current  is  the  only  mode  of  electrical 
power  transmission  suitable  for  the  work.     This  would  ordinarily 
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necessitate  large  transformers  placed  at  frequent  intervals.  In 
order  to  meet  the  demands  of  a  mixed  freight  and  passenger  ser- 
vice, such  power  transformers  would  have  to  be  of  very  great 
capacity.  They  could  only  be  used  intermittently  with  the  fluc- 
tuations of  daily  traffic,  and  during  most  of  the  tune  mUst  repre- 
resent  idle  capital.  The  open  circuit  losses  in  such  transforn^ers 
taken  for  the  entire  system  would  be  a  heavy  operating  expense. 
Should  Mr.  Bradley's  scheme  prove  feasible  for  railway  work, 
these  losses  would  be  avoided,  for  each  train  would  carry  its  own 
transformer,  from  which  the  idle  current  could  be  cut  off  when 
not  in  use.  This  would  result  in  strengthening  the  power  sec- 
tions so  as  to  include  possibly  an  entire  division  served  from  one 
central  power  plant,  and,  as  a  consequence,  the  train  load  would 
be  practically  constant  over  the  day. 


DIED. 

CuRTiss  : — At  Boston,  Mass  ,  October  10th,  1895,  George  Franklin  Curtiss, 
Electrical  Engineer  with  the  G^neraJ  Electric  Company,  at  Schenectady, 
N.  Y.  Mr.  Curtiss  was  bom  at  Derby.  Conn.,  September  2d,  1861.  He 
took  a  four  years*  course  in  electrical  engineering  at  the  Massachusetts 
Institute  of  Technology,  class  of  '87.  He  subsequently  deyoted  three 
years  to  experimental  work  in  the  laboratories  of  the  Tnomsou- Houston 
Electric  Company,  at  Lynn,  and  continued  in  the  seryice  of  that  com- 
pany and  the  General  Electric  Company  until  his  death.  Mr.  Curtiss 
was  elected  an  associate  member  of  the  Institutb  April  2d,  1889,  and 
transferred  to  membership  Nov.  24th,  1891. 


Pope  :— At  Great  Barrington,  Mass..  October  13th,  1895,  Franklin  Leonard 
Pope,  formerly  of  New  York  City,  and  Elizabeth,  N.  J.  Mr.  Pope  was 
born  in  Great  Barrington,  December  2d,  1840.  He  entered  the  servicel  of 
the  American  Telegraph  Company  in  that  town  in  1858.  His  subse- 
quent life  was  devotea  to  the  study  and  practice  of  electrical  science. 
He  was  a  charter  member  of  the  American  Institute  of  Electrical  En- 
gineers, and  one  of  its  first  vice-presidents,  serving  from  1884  to  188C, 
and  was  elected  president  in  1886  ;  upon  the  expiration  of  his  term  in 
1887,  he  was  again  elected  vice-president  for  the  term  ending  in  1889. 


CusHMAN  :— At  his  home,  837  West  22d  St.,  New  York  City,  October  24th, 
1895,  Hoi  brook  Cushman,  Head  Instructor  Department  of  Physics,  Col- 
umbia College.  Mr.  Cushman  was  88  years  of  age.  and  graduated  from 
Columbia,  class  of  '78.  He  was  appointed  fellow  in  science,  and  oontin- 
ued  his  studies  at  Wurzburg,  Germany.  After  returning  to  this  country 
he  engaged  in  electrical  practice  with  the  Western  Union  Telegrapn 
Company  and  the  Western  Electric  Company.  In  1890  he  receivM  the 
appomtment  from  Columbia  College  which  he  held  up  to  his  death,  which 
was  due  to  heart  disease.  Mr.  Cushman  was  elected  an  associate  member 
of  the  Institute  June  2d,  1888. 


Digitized  by 


Google 


AMERICAN    INSTITUTE    OF    ELECTRICAL 
ENGINEERS. 


New  York,  October  23rd,  1895. 

The  100th  meeting  of  the  iNsxrruTE  was  held  this  date  at  12 
West  31  St  Street,  and  was  called  to  order  by  Vice-President 
Francis  B.  Crocker,  at  8  p.  m. 

The  Chairman  : — [Vice-President  Crocker.J  Gentlemen,  the 
Secretary  has  certain  announcements  to  make  in  regard  to  routine 
matters. 

The  Secretary  : — At  the  meeting  of  the  Coimcil  held  at  the 
office  of  the  Institute  this  afternoon,  the  following  associate 
members  were  elected : 


Name. 

Btrne»  Harry 
Coles,  Edmund  P. 


Address. 

Orpinizer,  The  National  School 
of  Electricity,  Chicaafo,  111.; 
residence,  565o  DrexelAve. 

Special  Tester,  General  Electric 
Co.,  Schenectady.  N.Y. ;  resid- 
ence, 240  Union  St. 

CoLLES,  George  W.,  Jr.,  Draughtsman.  Westinghouse 
Electric  &  Mfg.  Co.,  Pitts- 
burg, Pa. 

Crawford,  L.  G.  Sup't,  Repair  Dep't  Gen*l  Elec- 

tric Co., 

Chicago,  111. 

Shonkard,  Harold  W.  Designer  and  Foreman.  The 
Electric  Self-Playing  Piano 
Co,  SaS  W.  86th  St..  New 
York  City  ;  residence,  28  W. 
43  St.,  Bayonne,  N.  J. 

Sup*t  and  Electrical  Engineer, 
Edison  Light  Co., 

Grand  Rapids,  Mich. 


Walker,  Arthur  F. 

Total,  6. 

The  Chairman 
know  personally, 
members  and  past 


Endorsed  by 

C.  C.  Haskins. 
Harry  H.  Homsby. 
Arthur  Frantzen. 

John  B.  Blood. 
Thorbum  Reid. 
W.  J.  Davis,  Jr. 

Wm.  E.  Geyer. 
Henry  Morton. 
Henry  Floy. 

Frank  H.  Dorr. 
Clare  F.  Beames. 
Chas.  P'  Steinmetz. 

T.  D.  Bunce. 
Frank  Martin. 
Robt.  Lundell. 


Frank  B.  Rae. 
Chas.  Wirt. 
W.  S.  Barstow. 


; — 1  have  to  announce  oflScially,  what  you  all 
the  fact  that  one  of  our  most  distinguished 
officers  was  accidentally  killed  by  the  agency 
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which  he  wa8  most  familiar  witli,  and  that  owin^  to  the  unavoid- 
able absence  of  Dr.  Duncan,  who  has  interested  himself  in 
this  matter,  1  am  called  upon  to  take  the  Chair.  Dr.  Duncan 
has  very  appropriately  selected  Mr.  Thomas  D.  Lockwood  to 
prepare  and  to  present  to  you  suitable  resolutions  in  regard  to 
the  death  of  Fmnklin  Leonard  Pope,  Past-President  of  the 
Institute.  I  will  now  call  upon  Mr.  Lockwood  to  present  these 
resolutions. 

Mr.  Lockwood: — Mr.  Chairman  :  It  seems  to  me  exceedingly 
fitting  that  before  proceeding  with  the  regular  order  of  business, 
the  Instttute,  as  a  body,  should  recognize  that  its  duty,  albeit  a 
melancholy  one,  is  to  consider  the  sad  event  you  have  announced, 
and  to  pay  its  sorrowful  but  sincere  tribute  oi  honor  and  affection 
to  the  memory  of  our  lamented  Past-President  and  distinguished 
fellow  member,  Franklin  Leonard  Pope. 

We  must  all  deplore  very  much  that  thus  early  in  the  season 
of  1895  and  1896,  we  are  under  the  painful  necessity  of  record- 
ing the  loss  of  one  whom  we  have  known  and  respected  for  so 
long — and  yet,  alas,  for  so  short  a  time.  I  have  been  honored 
with  Mr.  Pope's  friendship  for  some  twenty  years,  and  for  ten 
years  before  the  beginning  of  that  period,  1  knew  of  his  name, 
reputation  and  abilities,  and  I  had  set  before  myself,  his  example, 
as  one  well  worthy  of  emulation  in  the  career  I  hope  to  achieve. 

It  does  not  appear  to  me  that  this  is  the  proper  time  to  recount 
biographically,  his  life-story  and  work,  since  I  am  well  assured 
that  that  will  be  done  for  the  archives  of  this  Institute  by  hands 
more  skilful,  and  by  tongues  more  eloquent  than  mine ;  but  I 
cannot  refrain  from  briefly  testifying  for  myself,  as  a  private 
citizen,  a  brother  in  profession  and  a  fellow  member  and  associ- 
ate in  this  Institute,  to  the  high  sentiments  of  regard  and  admi- 
ration which  from  the  earliest  moment  of  our  several  years  of 
acquaintance  I  have  entertained  and  cherished  for  Mr.  Pope,  and 
the  heavy  and  crushing  sense  of  personal  loss  which  has  weighed 
upon  me  since  I  first  read  the  sad  news.  And  yet,  Mr.  Chairman 
and  gentlemen,  I  welcome  the  intensity  of  the  personal  loss  of 
whicn  I  have  spoken,  because  I  feel  and  I  am  convinced,  that  by 
it  I  am  enabled  in  some  measure  the  more  truly  to  sympathize 
with  the  incomparably  deeper  sorrow  of  his  family  and  kindred. 

The  life  of  Franklin  L.  JPope,  as  we  all  know,  was  an  essen- 
tially busy  one.  It  was  one  of  constant  and  unremitting  toil. 
When  I  first  heard  of  him  I  was  but  a  boy  and  he  was  compara- 
tively a  young  man ;  but  even  then  he  was  in  the  forefront  of 
the  work,  and  lie  was  chief  of  exploration  for  the  Russian-Amer- 
ican Telegraph,  which  the  Western  Union  Telegraph  Company 
at  that  time  had  in  process  of  construction,  under  the  belief  that 
the  transatlantic  caole  could  never  be  successfully  laid.  His 
toil,  however,  diflfered  from  that  of  the  majority  of  mankind,  in 
that  it  was  three-fold,  fdr  not  only  did  he  toil  to  acquire  and 
accumulate  knowledge,  but  he  also  toiled  in  the  utilization  of 
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knowledge,  and  furthermore,  and  I  think  this  was  better  than 
all,  he  always  toiled  with  the  glad  hope  of  imparting  knowledge, 
and  in  all  of  these  three  varying  metnods  he  toilea  to  the  end, 
and  we  can  truly  say,  he  veritaoly  ^*  died  in  the  harness."  We 
may  well  sorrow  as  a  body  that  he  was  not  spared  to  work  longer 
or  to  more  fully  enjoy  the  fruitage  and  harvest  of  the  seeds 
which  he  has  ever  labored  to  sow,  and  the  young  growth  of  which 
he  ever  labored  to  prosner. 

Those  of  us  who  haa  the  happiness  of  a  close  intimacy  with 
Mr.  Pope  will  bear  me  out  when  I  say  that  we  shall  remember 
him  always  as  showing  the  kindness  and  genial  spirit  of  a  true 
friend ;  as  being  one  who  reverenced  the  right ;  endeavoring  al- 
ways to  do  his  duty  as  he  saw  it ;  and  as  possessing,  in  addition 
to  marvelous  ability  in  many  directions,  ana  great  powers  of  gen- 
eralization, analysis  and  expression,  a  large  share  of  modesty, 
that  inherent  attribute  of  true  genius  and  talent.  Employing  the 
words  of  the  inspired  writer,  we  then  may  truly  say  that  "a 
prince  and  a  great  man  "  has  been  taken  from  us,  and  I  am  con- 
fident that  every  member  of  this  Institute  will  regard  it  as  a 
privilege  to  be  associated  with  the  expression  of  our  sorrow  and 
our  sympathy  with  the  bereaved  family.  With  this  confidence, 
Mr.  Chairman,  I  have  therefore  a  sad  satisfaction  in  presenting 
resolutions  which  formulate  such  expression,  and  in  moving  their 
adoption  by  the  Institute. 

These  resolutions  are  as  follows  : 

WTiereMy  the  American  Institute  of  Electrical  Engineers  has  heard  with 
heartfelt  sorrow  of  the  sudden  death  by  a  lamentable  accident,  of  its  Past-Presi- 
<lent,  Franklin  Leonard  Pope  ;  and 

Whereas,  we,  the  raerabers, Council  and  officers  of  the  Institute  desire  to  express 
our  profound  realization  of  the  bereavment  we  have  sustained,  and  the  sincere 
grief  we  experience,  and  to  record  in  fitting  terms  our  keen  appreciation  of  the 
great  worth  and  high  qualities  of  our  fellow  member;  his  eminent  services  to 
our  organization ;  and  his  able,  unwearying  and  successful  work  in  applying 
electrical  energy  to  many  useful  purposes  ;  it  is  therefore 

Resolf>ed^  that  by  the  death  of  Mr.  Pope,  called  away  in  the  full  fruition  of 
manhood  and  the  meridian  vigor  of  intellect,  the  profession  at  large  has  suffered 
an  incalculable  loss,  and  the  Institute  has  been  deprived  of  a  most  distinguish- 
ed and  valued  member,  and  a  wise  and  sagacious  counsellor,  endeared  to  many 
members  by  long,  pleasant  and  affectionate  intercourse,  and  esteemed  and  re- 
spected by  all,  no  less  for  his  kindly  and  warm-hearted  nature  and  dignified 
simplicity  of  character,  than  for  his  universally  acknowledged  genius  and  great 
ability. 

Revolted,  that  we  hereby  express  the  poignant  grief  wherewith  we  contem- 
plate the  sad  event  which  has  taken  from  us  one  who,  whether  in  the  earliest 
days  of  our  association,  co-operating  in  its  successful  establishment,  urbanely 
and  efficiently  presiding  as  our  chief  Executive  Officer  at  business  and  social 
meeting^,  discreetly  aud  judiciously  performing  the  unassuming  duties  of  a  mem- 
ber of  the  Committee  of  Editing,  or  in  the  capacity  of  an  individual  member 
serving  the  interests  of  harmony  and  stability,  has  uniformly  had  the  dignity  of 
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the  Institxtte  at  heart,  and  has  assiduously,  cheerhiUy,  and  faithfully  labored 
for  its  welfare  ;  and  while  we  sincerely  mourn  the  loss  of  an  associate  so  eminent 
and  useful,  thus  suddenly  withdrawn  from  the  activities  of  this  present  life,  we 
more  earnestly  grieve  for  the  parting  from  a  friend  so  sincere,  faithful  and 
true. 

Revolted,  that  we  extend  to  his  stricken  family  our  tenderest  sympathy,  in 
this,  the  hour  of  their  affliction,  and  that  in  testinjony  thereof  a  copy  of  these 
resolutions  be  forwarded  to  them. 

Resolved,  that  these  resolutions  be  appended  to  the  minutes  of  the  Council  and 
be  published  in  the  Transactions  of  the  Institutb. 

The  resolutions  were  unanimously  adopted. 

The  Chaibman  : — The  regular  business  of  the  meeting  is  the 
reading  of  papers.  The  first  paper  is  by  Mr.  Hermann  Lemp^ 
Jr.,  on  the  *'  Local  Annealing  of  Hard  Faced  Armor  Plates." 
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LOCAL  ANNEALING  OF  HARD  FACED  ARMOR 

PLATES. 

BY    HERMANN    LEMP,   JR. 

Every  one  is  now  more  or  less  familiar  with  the  Thomson 
Electric  Welding  process,  which  in  past  years  has  been  introduced 
into  almost  every  metal  industry,  in  one  shape  or  another.  This 
process  created  a  new  field  in  the  technical  application  of  currents 
of  large  volume  and  small  e.  m.  f.,  a  field  which,  while  it  was 
primarily  intended  for  welding,  naturally  suggested  a  number  of 
other  applications  to  so  fertile  an  inventor  as  Prof.  Thomson; 
and  so  it  happened  that  early  in  its  fundamental  inception,  the 
use  of  large  currents  was  contemplated  to  be  utilized  for  heating 
plain  metal  bars  or  parts  of  sheet  billets,  etc.,  for  forging  pur- 
poses, to  rivet,  upset,  to  temper  or  withdraw  the  temper,  or  to  be 
worked  upon  in  any  wjBll-known  manner  while  being  kept 
heated  by  the  current. 

It  has  been  the  good  fortune  of  the  writer  to  lately  work  out 
one  of  these  novel  applications,  and  since  the  literature  concern- 
ing this  branch  of  electro-technics  is  somewhat  limited,  he  has 
thought  it  advisable  to  bring  an  account  of  the  same  before  the 
Institute. 

One  of  the  latest  advances  in  the  making  of  protective  armor 
for  battle-ships,  or  even  forts,  has  been  the  introduction  of  what 
is  known  as  the  Harvey  process.  For  those  not  conversant  with 
the  latter,  I  will  briefly  state  that  it  consists  in  taking  an  ordinary 
low  carbon  steel  plate  and  introducing  an  additional  percentage 
of  carbon  into  the  surface  metal,  thus  changing  the  crust  to  the 
depth  of  about  an  inch,  into  a  steel  resembling  tool  steel. 
A  plate  thus  treated,  is  lastly  water-hardened,  similarly  to  an 
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ordinary  tool,  and  by  experience  has  shown  to  offer,  under  equal 
conditions,  more  resistance  to  the  impact  of  a  projectile  than  any 
other  armor  known,  and  therefore  we  will  take  this  as  an 
illustration  of'hard  faced  armor.  The  extreme  hardness  of  the 
surface  of  a  Harvey  plate,  while  exceedingly  valuable  in  pre- 
venting projectiles  from  piercing  it,  has  a  disadvantage  when  it 
is  required  to  be  pierced  by  a  drill  and  tap.  Such  holes  may 
be  required  either  for  fastening  ladders,  swivels  or  other  appli- 
ances to  the  hull  of  the  vessel,  or  to  fasten  T  flanges  supporting 
the  deck  to  barbettes  or  turrets. 

The  methods  heretofore  used  to  produce  these  holes  were 
principally  two : 

1.  To  protect  the  surface  of  the  plate  in  patches  or  strips,  to 
prevent  carburation,  wherever  holes  were  expected  to  be  drilled. 

2.  To  make  accurate  drawings  and  patterns  of  each  plate 
beforehand,  to  which  all  holes  are  drilled  before  plate  is  hardened. 

Plan  No.  1  was  practiced  in  the  United  States  until  it  had  to 
be  abandoned.  In  practice  it  was  found  that  numerous  alter- 
ations in  construction,  errors  in  either  draughting-room  or  mills, 
made  it  necessary  to  pierce  holes  where  no  provisions  for 
annealing  were  made.  It  also  happened  quite  frequently, 
that  the  method  for  prevention  of  carburation  did  not  always 
work  satisfactorily,  and  while  white  paint  indicated  well  enough 
where  soft  metal  was  expected,  very  often  hard  metal  was  actually 
found.  Hence  it  was  patent  from  the  first  that  some  process  was 
needed  to  rectify  errors  of  this  kind.  Experiments  were  then 
made  with  the  oxy-hydrogen  blowpipe,  or  the  electric  arc,  to 
anneal  such  spots  as  required  to  be  drilled,  and  numerous  mechan- 
ical devices  for  drilling,  with  drills  of  every  design  and  method 
of  tempering,  were  tried,  until  it  seemed  that  the  case  was 
without  a  remedy. 

It  was  at  this  stage  that  the  problem  was  referred  to  the 
Thomson  Electric  Welding  Co.  of  Lynn,  and  experiments  were 
immediately  undertaken  to  solve  it.  The  process  and  apparatus 
necessary  to  carry  it  out,  all  resulting  from  the  experiments 
undertaken,  will  be  described  presently. 

Tiie  second  method,  which  is  used  in  England,  has  the  advan- 
tage over  the  first,  that  there  is  no  diflSculty  in  carrying  it  out, 
provided  there  are  no  alterations  made,  and  no  errors  committed. 
The  present  method  of  construction  seems  to  be,  to  make,  before- 
hand, a  complete  model  of  the  vessel  to  be  built;  then  make 
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accurate  drawings  and  full-size  patterns  of  every  plate,  giving  the 
-exact  location  of  every  hole.  These  are  then  bored,  tapped  and 
K^ountersunk  to  a  depth  of  approximately  f  ^  and  of  a  much 
larger  diameter,  tilled  witli  clay,  and  then  the  plate  as  a  whole  is 
heated  and  hardened  with  water.     (See  Fig.  I.) 

This  method  works  apparently  all  right,  although  in  spite  of 
drawings  and  models,  errors  are  made.  There  is  no  doubt,  how- 
ever, that  it  is  a  slow  and  very  costly  method  of  working,  and 
would  hardly  ever  be  resorted  to  in  the  United  States. 

From  the  above  it  seems  clear  that  there  has  existed  a  need  for 
a  process  by  means  of  which  isolated  spots,  regardless  of  location, 
might  be  annealed  so  as  to  permit  drilling  and  tapping. 

If,  by  sending  a  current  of  large  volume  through  any  spot  thus 
to  be  treated,  the  spot  is  brought  to  a  temperature  of  approx- 
imately 1000°  F.,  there  can  be  no  doubt  that  the  temper  has  been 
withdrawn.      Experiments  carried   out  to   that  effect  at  once 
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showed,  however,  that  upon  taking  off  the  heating  current  the 
heat  was  so  rapidly  conducted  away  by  the  surrounding  metal 
masses  as  to  cause  the  heated  spot  to  become  chilled  just  as 
effectually  as  if  it  had  been  plunged  into  cold  water.  No  method 
^f  outside  protection  of  the  heated  spot  would  prevent  this,  and 
the  gradual  cooling  of  the  spot  had  to  be  attained  by  different 
means :  namely,  a  gradual  and  slow  withdrawing  of  the  heating 
<5urrent.  The  method  of  introducing  the  annealing  current  is 
best  shown  in  Fig.  2. 

c  0  are  two  copper  contacts  cooled  by  water  circulating  inside. 
The  current  enters  the  plate  by  one  end,  and  leaves  it  by  the 
other.  Eight  under  the  contact,  the  metal  comes  to  a  bright 
<5herry  heat,  (shown  in  black)  while  the  portion  intervening  and 
partly  surrounding  the  contacts  acquires  a  temperature  of  just  a 
visible  red.  Line  h  h  indicates  where  the  influence  of  the  Harvey 
treatment  stops. 
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The  shaded  portion  in  Fig.  2  and  3  shows  the  zone  softened 
and  ready  to  be  machined,  while  the  dotted  line  shows  how  far 
the  heat  radiation  would  cause  the  metal  to  turn  blue.  When 
cooled,  the  annealed  portion  shows  a  chocolate  color,  while  the 
place  where  the  contacts  have  been  resting,  is  scaled  and  hard,, 
and  cannot  be  touched  by  a  tool  to  a  depth  of  about  Y'  These 
places  can  again  be  annealed  later  on,  if  required. 

The  apparatus  necessary  to  carry  out  this  process  consists  of 
the  generator,  the  annealer  proper  (transformer)  and  the  regu- 
lating apparatus. 

The  generator  is  commonly  a  separately  excited  alternator  of 
variable  potential,  of  a  maximum  of  300  volts  and  100  amperes. 
The  frequency,  preferably,  should  be  low,  50  cycles  per  second 
being  used.  When  more  than  one  annealer  is  to  be  run  simultane- 
ously from  one  generator,  constant  k.  m.  f.  of  the  latter  should 
be  used,  and  each  annealer  regulated  separately  by  a  reactive  coiU 
The  annealer  proper  is  a  transformer  similar  to  the  well-known 
welding  transformers.  As  the  apparatus  is  to  be  operated  out- 
doors, on  board  of  vessels  during  construction,  it  is  important 
that  the  same  may  be  handled  with  immunity  from  electric 
shocks,  even  when  operated  in  mist  and  rain. 

To  meet  these  conditions  a  copper-clad  type  of  transformer  is 
used,  one  in  which  the  secondary  is  composed  of  two  copper 
castings  each  having  a  rectangular  groove,  which  two  halves^ 
when  bolted  together,  form  a  closed  rectangular  frame  in  which 
the  primary  is  held  enclosed.  The  hollow  space  intervening 
between  primary  and  secondary  is  moreover  filled  with  a  heavy 
oil,  which  acts  both  as  the  insulator  and  conductor  of  heat  from 
primary  to  secondary.  The  secondary,  by  completely  surround- 
ing the  primary,  affords  an  excellent  mechanical  protection,  and 
prevents  electric  as  well  as  magnetic  leakage.  The  primary  is  a 
copper  ribbon  insulated  with  asbestos,  and  the  ratio  of  conversion  is 
100  to  1.  The  transformer  has  two  trunnions  fastened  to  its  sides, 
in  a  line  a  little  above  the  center  of  gravity,  which  trunnions 
swing  in  bearings,  part  of  a  yoke  which  straddles  the  whole. 
The  yoke  in  its  turn  has  a  hook  which  may  be  secured  to  the 
latter  at  any  place  of  the  arch,  thus  allowing  the  transformer  to 
be  suspended,  like  a  compass  in  gimbals,  in  any  position  desired. 

It  goes  without  saying  that  the  copper  castings  which  compose 
the  secondary  are  cut  through  at  one  place  in  the  circuit.  On 
either  side  of  the  cut,  two  short  platforms  form  the  base  for  copper 
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contacts  of  various  shapes  and  sizes,  by  means  of  which  the 
currents  are  made  to  enter  and  leave  the  plate  to  be  annealed. 
These  copper  contacts  are  of  forged  copper,  hollowed  out  to 
receive  water  circulation  for  cooling  purposes,  and  terminate  in 
narrow  tips  rounded  at  tlie  end. 

The  weight  of  the  whole  annealer,  being  approximately  1000 
pounds,  is  sufficient  to  give  proper  contact  pressure  for  all  work 
on  a  horizontal  plate.  When  inclined  surfaces,  vertical  or  other- 
wise, are  to  be  worked  upon,  the  transformer  is  suspended  so  that 


Fig.  4. 
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its  weight  shall  not  interfere  with  the  contact  pressure,  which  is 
obtained  for  work  by  bracing  the  contacts  directly  with  wooden 
wedges  against  any  object  near  by.  On  the  outside  of  a  hull,  it 
is  proposed  to  use  a  pair  of  electro-magnets,  which  are  made  to 
hold  themselves  against  the  iron  hull,  and  form  a  support  for  the 
annealer.  Fig.  4  shows  some  of  the  various  shapes  of  contacts 
that  are  used  in  various  positions. 

The  remarkable  thing  is  the  great  amount  of  current  that  is 
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being  carried  by  the  copper  contacts  into  the  plate.  The  contact 
surface  is  seldom  more  than  about  ^^  square,  and  yet  10,000 
amperes  are  made  to  flow  through  it  continually.  This  is  equiva- 
lent to  40,000  amperes  per  square  inch,  a  density  which  is  only 
possible  on  account  of  the  thorough  cooling  by  the  water 
circulation. 

The  regulating  apparatus  is  in  most  cases  simply  a  rheostat  in 
series  with  the  field  of  the  generator.  When  more  annealers 
than  one  are  run  simulraneously  from  one  generator,  as  mentioned 
before,  a  reactive  coil  is  interposed  between  the  two,  and  this 
latter  has  been  made  automatic ;  that  is  to  say,  provided  with  a 
dash-pot,  which  permits  the  current  to  be  reduced  uniformly  and 
at  any  given  rate  it  is  set  for. 

This  reactive  coil,  Fig.  5.,  is  composed  of  a  solenoid  coil  of 
cable,  well  insulated,  having  a  movable  laminated  iron  core  which 
is  raised  out  of  the  coil  by  means  of  a  leather  strap  and  winch. 
The  core  is  composed  of  thin  iron  strips  placed  side  by  side 
around  a  circle,  and  projecting  radially  from  the  same,  and  being 
held  on  top  and  bottom  by  a  slate  disk,  in  a  manner  similar  to 
the  securing  o.f .  the  copper  segments  of  a  commutator.  No 
insulation  of  the  core  is  necessary,  and  good  ventilation  is  obtained* 
The  core  once  raised  out  of  the  coil  tends  to  return  by  gravity 
and  the  attraction  of  the  solenoid,  but  is  checked  in  its  descent 
by  a  pair  of  dash-pots,  one  on  each  side  of  coil.  These  latter 
communicate  with  each  other,  top  and  bottom,  and  have  one  of 
the  pistons  provided  with  a  valve  which  opens  when  the  core  is 
raised,  and  closes  when  the  core  descends.  The  dash-pot  cylinders 
are  filled  with  a  light  mineral  oil,  which  does  not  freeze  nor  clog 
under  any  ordinary  conditions  of  temperature.  An  adjustable 
by-pass  valve  allows  the  oil  to  flow  from  the  tube  to  the  top  side 
opposite.  By  opening  or  closing  this  valve  more  or  less,  any  rate 
of  descent  and,  consequently,  diminution  of  current,  can  be 
uniformly  obtained,  without  requiring  any  skill  on  the  part  of 
the  operator. 

The  annealing  operation  is  carried  out  as  follows :  •  The  trans- 
former is  placed  in  position,  the  contacts  touching  the  plate 
either  side  of  the  place  marked  to  be  annealed,  and  the  primary 
current  brought  up  by  means  of  a  rheostat  to  from  75  amperes  to 
90  amperes  for  about  two  minutes,  according  to  the  size  of  spot 
to  be  annealed,  which  will  bring  the  metal  to  a  dull  red  heat,  a 
temperature  at  which  a  pine  stick  catches  fire   when   held  in 


Digiti 


ized  by  Google 


1805.] 


LEMP  ON  ELECTRICAL  ANNEALIKQ, 


586 


contact  with  the  plate.  If  no  reactive  coil  is  used,  the  current  is 
now  diminished  by  turning  the  rheostat  one  point  every  minute. 
If  the  reactive  coil  is  used,  the  core  is  now  raised  by  winch,  the 
coil  put  in  circuit  by  opening  2L  short-circuiting  switch,  and  then 


Fig.  6. 


Fio.  5. 


is  allowed  to  descend  on  its  own  account.  The  operation  gen- 
erally takes  seven  minutes,  all  told.  Accompanying  Figs.  6,  7 
and  8  show  the  proper  apparatus  in  operation  on  the  ^^Mass- 
achusetts" and  "Oregon."     No  difficulty  has  been  experienced 
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from  the  beginning.  The  annealing  of  individoal  spots  was, 
however,  only  the  stepping-stone  to  a  more  important  work  of  a 
similar  nature,  work  which  was  about  to  be  given  up,  owing  to 
«what  were  considered  insurmountable  difficulties. 


Fig.  8. 


In  the  construction  of  a  modern  man-of-war,  there  are  many 
armor  plates  which  act  as  shields  to  the  guns,  and  have  to  be 
perforated  to  allow  the  gun  muzzle  to  pass  through  and  to  be 
eitlier  raised  or  lowered.     Some  of  these  shields  are  circular  or 
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oval,  with  narrow  edges  around  the  ports,  in  the  case  of  Har- 
veyid  plate.  To  perforate  these  shields  after  carburation,  and 
before  being  water-hardened,  was  the  only  possible  way,  since 
previous  experiments  had  shown  that  prevention  of  carbnration 
could  not  be  relied  on,  and  no  process  was  known  to  anneal 
the  plate  locally  after  hardening.  The  hardening  of  a  plate 
once  perforated,  showed  itself  to  be,  however,  almost  impossible; 
in  fact,  a  matter  of  chance.  In  most  cases  tlie  plate  cracked  in 
two  as  shown  in  Fig.  9,  or  the  whole  plate  became  distorted 
in  such  a  way  that  it  could  not  be  used.     As  individual  spots 
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Fig.  10. 

for  holes  could  be  annealed,  there  could  be  no  doubt  that  a 
series  of  annealed  spots  could  be  likewise  obtained  by  the  electric 
process,  following  a  line  along  which  a  cutting  tool  was  expected 
to  be  run.  The  first  attempt,  therefore,  and  made  in  England, 
was  to  anneal  a  number  of  spots  in  proximity  to  each  other  in 
Buch  a  way  that  the  annealed  zones  should  overlap  each  other. 

As  described  above,  it  is  very  important  that  the  temperature 
of  any  individual  part  should  be  gradually  and  slowly  withdrawn ; 
and  while  for  individual  spots  the  only  possible  way  to  do  this 
was  by  gradually  diminishing  the  current,  it  was  obvious  that 
when  a  line  was  to  be  annealed,  instead  of  annealing  a  number 
of  spots  side  by  side,  the  same  effect  of  withdrawing  the  heat 
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gradually  from  one  portion  could  be  obtained  by  moving  tlie 
apparatus  itself  relatively  to  tlie  plate  to  be  treated.  The  rate  of 
this  movement,  of  course,  depended  upon  the  rate  at  which  the 
temperature  should  be  allowed  to  fall  in  any  particular  spot  to 
prevent  chilling.  The  apparatus  was  therefore  arranged  to  be 
moved  along  a  line  to  be  annealed,  the  motion  being  obtained  by 
an  ordinary  screw  and  nut  held  in  a  bracket,  the  nut  being  turned 
at  a  predetermined  rate  controlled  by  a  watch.  It  was  found  that 
a  speed  of  about  Y  P®*"  minute  was  sufficiently  slow  to  ensure 
thorough  annealing. 
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Fig.  11. 

The  copper  contacts  were  of  the  simplest  kind,  as  described 
above,  bedding  themselve^^  partially  in  the  surface,  and  when 
being  dragged  along  by  the  screw  and  nut,  raised  in  front  of 
themselves  a  burr  or  chip  similar  to  a  planir)g  tool.  After  a 
whole  day's  continuous  use  the  copper  contacts  were  found  intact^ 
while  a  number  of  chips  from  the  steel  surface  were  lying  about 
We  thus  had  the  peculiar  phenomenon  of  a  hard  steel  chip  cut 
with  a  copper  tool. 

Upon  the  completion  of  the  work,  it  was  found  that  a  strip 
about  2Y  wide  throughout  the  length  over  which  the  machine 
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had  been  moved,  could  be  operated  upon  by  drills  or  a  shaper,  in 
a  manner  as  easily  as  if  it  had  never  been  hardened  before. 

In  the  work  just  described,  the  apparatus  was  moved  about,  but 
in  regular  practice  it  would  be  better  to  construct  a  machine 
consisting  of  a  large  bed,  on  which  the  plate  to  be  treated  may  be 
fastened  and  moved  in  any  direction  automatically  at  a  predeter- 
mined speed,  while  the  aimealer  proper  is  suspended  in  a  given 
position  above  the  plate,  as  shown  in  Fig.  10.  The  annealing 
operation  occupies  but  a  small  percentage  of  the  time  required 
for  the  cutting. 

Fig.  11  gives  a  view  of  a  sample  plate  annealed  by  the  method 
described  above,  and  cut  out  to  represent  a  port-hole  as  is  need  on 
the  turrets  of  a  man-of-war. 


Fig.  12. 


Fig.  13. 


It  is  unnecessary  to  state  that  when  the  apparatus  is  used  for 
continuous  annealing,  the  primary  current  is  kept  at  a  nearly 
constant  value,  the  diminishing  of  heat  at  any  individual  spot 
being  obtained  solely  by  the  moving  of  the  apparatus  from  it. 

As  mentioned  before,  the  placei^  where  tlie  contacts  are  pisstno^ 
over  the  plate,  beinoj  brought  to  a  hieher  temperature  than  any 
other,  remain  hard.  Experience  has  demonstrated,  however, 
that  they  may  be  re-annealed  later  on,  by  treating  the  spots  in  the 
snme  way  as  any  other  hard  spot  on  the  plate.  By  this  means 
we  are  therefore  able  to  anneal  any  shaped  portions,  not  merely 
lines.  This  is  best  seen  in  Fig.  12,  in  which  a  series  of  strips  are 
'  annealed  side  by  side  (shown  in  shaded  lines  a.)  The  hard  faced 
surfaeeis  then  removed  on -snch  places  by  a  plauer  and  drill ;  the 
machine  is  then  run  a  second  time  over  the  annealed  strips,  rest- 
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ing  it  this  time  on  the  bottom  of  the  groove  and  on  the  softer 
metal,  thus  annealing  the  ridges  o  left  between  the  annealed 
strips,  on  which  ridges  the  contacts  were  running  previously. 
When  all  these  strips  are  annealed  they  may  be  removed  by 
machine  tools  without  any  further  difficulty.  In  a  similar  man- 
ner a  large  round  place  may  be  annealed,  as  shown  by  Fig.  13. 
The  transformer  is  set  on  the  plate,  one  contact  resting  on  c', 
the  other  at  any  other  place  in  circle  o ;  the  apparatus  is  then 
slowly  revolved  around  contact  o'  as  a  center,  until  the  second 
contact  has  completed  the  circle  o.  The  shaded  portion  a  repre- 
sents now  the  annealed  surface,  which  is  removed  by  a  cutting 
tool.  The  contacts  are  then  made  to  rest  on  either  side  of  the 
center  o',  and  the  latter  is  annealed  and  removed  in  its  turn. 

The  apparatus  may  also  be  used  for  the  reversal  of  the  annealing 
process ;  that  is  to  say  for  creating  isolated  hard  spots  in  soft  tool 
steel  by  sending  a  current  through  the  spot  to  be  hardened  until 
it  reaches  a  bright  cherry  heat,  and  then  suddenly  removing  the 
current  or  machine. 

Various  other  applications  will  suggest  themselves  in  the 
operation  of  this  process,  already  adopted  by  the  United  States 
Government.  It  may  be  used  in  the  construction  of  burglar- 
proof  safes,  for  dies  and  punches,  for  projectiles,  and  other 
articles  of  a  similar  nature. 


Discussion. 

The  Chairman: — This  paper  embodies  one  of  those  novel 
applications  of  electrical  energy  in  which  it  is  perhaps  our  func- 
tion to  interest  ourselves  even  more  than  in  the  established  uses. 
It  is  these  very  new  applications  which  deserve  special  recognition. 

The  point  which  strikes  me  is  that  Mr.  Lemp  is  enabled  to  pass 
40,000  amperes  per  square  inch  through  a  contact,  of  course 
cooled  by  means  of  water ;  but  the  mere  fact  that  it  is  possible 
to  pass  such  an  enormous  current  density  through  a  contact  is 
certainly  interesting,  and  I  should  imagine  might  be  very  useful 
in  certain  cases. 

It  is  also  interesting  to  observe  that  a  current  is  produced  in 
the  secondary  of  the  transformer,  and  that  this  illustrates  the 
flexibility  of  electrical  applications — that  a  secondary  which  con- 
sists merely  of  a  ring  of  metal  with  an  opening  in  it,  so  to  speak, 
is  employed  to  produce  the  necessary  current. 

This  interestinff  subject  is  open  to  discussion. 

Mr.  Edward  r.  Thompson  : — While  I  was  listening  to  the 
paper,  I  wondered  whether  it  would  refer  to  the  applicability 
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of  the  process  to  the  openinfi^  of  safes,  and  I  noticed  that  it  is 
allnded  to  in  the  last  paragraph.  I  remember  where  a  bank,  only 
a  few  years  ago,  had  paid  thousands  of  dollars  to  have  a  burglar- 
proof  safe  put  in.  When  they  came  to  change  the  bank  build- 
mg,  the  safe  manufacturer  wanted  them  to  put  in  a  new  safe. 
The  President  argued  with  him  and  said  "  That  is  a  good  safe ; 
what  is  the  matter  with  that  ? "  "  You  see "  was  tne  answer 
"  those  doors  don't  come  together  with  sufficient  closeness,  there 
is  a  crevice  there  which  forms  a  basis  upon  which  to  use  dynamite.'* 
So  remembering  that,  I  would  be  glad  to  hear  what  Mr.  Lemp 
has  to  say  as  to  those  challenges  that  the  manufacturers  of  safes 
offer.  "There  is  a  safe  that  it  is  absolutely  impossible  for  any- 
body to  break  open,"  says  the  manufacturer,  and  it  seems  to  me 
that  Mr.  Lemp  could  take  one  of  his  annealers  and  soften  the 
surface  to  a  sufficient  depth  to  drill,  and  to  introduce  dynamite. 

Mk.  a.  E.  Kennelly  : — I  would  very  much  like  to  ask  Mr. 
Lemp  if  he  can  give  us  any  figures  as  to  the  resistance  offered  by 
those  two  contacts.  They  are  contacts  of  very  limited  area,  are 
very  hot,  and  the  iron  between  them  is  very  hot.  If  he  would 
tell  us  how  much  pressure  he  uses  in  the  secondary  circuit  of 
the  transformer,  and  what  the  resistance  of  that  portion  of  the 
circuit  is,  1  think  the  information  would  be  very  useful. 

The  Chairman: — I  think  it  might  be  well  to  answer  the 
questions  as  thev  present  themselves,  Mr.  Lemp. 

Mr.  Lemp  : — ^In  answer  to  Mr.  Thompson,  in  reference  to  the 
opening  of  safes  for  the  introduction  of  dynamite,  I  think  it 
would  t)e  rather  a  hard  thing  to  carry  a  transformer  weighing 
1000  lbs.  to  a  place  in  the  night  (laughter),  still  if  it  is  simply 
wanted  to  prove  to  the  manufacturers  of  safes  that  a  hole  can  be 
made  through  their  plate  if  the  latter  is  obtained  by  using  tool 
steel,  water  hardened,  there  is  no  reason  why  it  cannot  be  annealed 
by  this  method  and  drilled  through  with  an  ordinary  drill ;  if, 
however,  a  different  substance  is  u^d  which  does  not  allow 
annealing  through  heat,  the  process  would  be  of  no  value. 

In  answer  to  Mr.  Kennelly,  I  have  never  measured  that  resist- 
ance. I  would  say  the  weight  of  the  apparatus,  a  thousand  pounds, 
is  sufficient  to  ensure  contact,  to  pass  the  current  through.  As 
shown  by  the  illustration  in  Figs.  2  and  3,  the  portion  in  black 
shows  the  metal  raised  to  the  temperature  of  a  white  heat,  owing 
to  the  crowded  state  of  current  at  that  point.  Of  course,  the 
copper  contacts  themselves  are  cooled  by  water,  but  the  steel  you 
cannot  cool  except  through  the  medium  of  the  copper  contacts,  and 
that  is  not  sufficient.  Still,  if  the  contacts,  to  start  with,  are  made 
pointed,  there  is  no  difficulty  about  passing  the  current  through. 
They  bed  themselves  right  in  the  metal.  If  they  are  made 
exactly  flat  and  ground,  there  would  be  lots  of  sparking  but  no 
contact,  probably  because  the  C(»utact  piessure  is  not  sufficient  in 
that  case,  when  relying  solely  on  the  weight  of  the  apparatus. 

Mr.  Kennelly  : — Tjie  electromotive  force  in  the  secondary  is 
how  much  ? 
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Mr.  Lemp  : — About  two  volts.     It  can  be  raised  to  three  volts. 

The  Chairman  : — That  would  give  the  necessary  data,  woujd 
it  not,  if  the  resistance  of  the  secondary  circuit  were  known  ? 

Mr.  Lemp  : — The  current,  again,  has  never  been  measured ;  it 
has  simply  been  computed  from  the  primary  current.  We  are 
passing  100  amperes  through  the  primary  circuit  and  the  b.  m.  f. 
IS  about  two. 

The  Chairman  : — The  data  are  contained  in  the  circuit,  pro- 
vided of  course,  the  values  of  current,  etc.,  are  reasonable,  and 
the  resistance  of  the  secondary  is  known.  Is  the  resistance  of 
the  secondary  measured  or  nieasurable  ? 

Mr.  Lemp  : — It  is  measurable,  yes,  I  have  never  measured  it. 

TflE  Chairman  : — I  presume,  compared  with  the  contact  of 
resistance,  it  is  small. 

Mr.  Lemp  : — It  is  very  small. 

Mr.  F.  a.  Pattison  : — I  would  like  to  ask  Mr.  Lemp,  whether 
he  has  ever  compared  the  surface  contacts  when  the  terminals  are 
pointed  and  when  they  are  flat,  and  in  that  case  whether  when 
they  are  pointed,  the  surface  contact  is  very  much  larger  than  in 
the  other  case. 

Mr.  Lemp  : — The  contact  proper  is  never  much  more  than  half 
an  inch  square.  To  start  with  it  is  merely  a  point,  and  the  heat 
immediately  raises  the  surface  of  the  iron  into  contact  with  the 
copper — a  little  hill  forms  itself,  so  to  speak.  The  flat  contacts 
were  not  so  satisfactory  for  the  reason  that  the  pressure  could  not 
distributo  itself  evenly  when  only  the  weight  of  the  transformer 
was  used  for  obtaining  the  contact,  and  for  this  reason  they  were 
abandoned. 

Dr.  Emery  : — What  are  the  dimensions  of  those  copper  points 
there  ? 

Mr.  Lemp: — The  tips  themselves  are  not  more  than  one  inch 
square.  The  copper  contact  itself  is  three  inches  square;  by 
that  I  mean  what  we  commonly  call  the  contact — the  whole  piece 
of  copper  which  is  secured  to  the  transformer ;  but  that  part 
which  touches  the  armor  plate  and  which  really  is  the  contact 
proper,  is  not  more  than  one  inch  square,  and  being  rounded,  the 
contact  surface  is  not  more  than  approximately  half  an  inch 
square. 

Dr.  Emery  : — Is  it  rounded  globularly  or  cylindrically  ? 

Mr.  Lemp  : — It  is  a  segment  of  a  ball. 

Mr.  W.  W.  Ker  : — I  would  like  to  ask  regarding  the  amount 
of  space  heated,  when  about  75  amperes  are  used,  and  also  when 
you  increase  this  current  to  say  10,000  amperes,  what  is  the  dis- 
tance between  the  contact  points^ 

Mr.  Lemp: — Seventy-tive  amperes  are  used  when  the  hole  to 
be  annealed  is  not  more  than  about  If.  When  the  full  dimen- 
sion is  used  like  2Y  then  the  current  is  increased  to  from  90  to 
100  amperes.  Of  course  one  thing  to  be  considered  is,  that  this 
being  an  alternating  current,  and  passing  through  a  large  iron 
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plate,  the  energy  actually  employed  cannot  be  computed  from 
the  current  and  e.  m.  f.  It  is  considerably  lessVhere  90  amperes 
are  used,  the  energy  measured  by  a  wattmeter  is  about  16,000 
watts. 

Mr.  E.  p.  Thompson  : — Is  the  metal  immediately  surrounding 
the  hole  that  is  made,  injured  by  its  being  annealed  I  Say  that 
you  anneal  a  certain  portion  in  order  to  be  enabled  to  drill  the 
hole,  I  suppose  it  is  impossible  to  anneal  only  just  that  portion 
of  ai-ea  equal  to  the  whole.  Therefore  there  would  be  some  soft 
metal  immediately  around. 

Mr.  Lemp  : — The  zone  of  annealing  is  somewhat  larger  than 
the  place  actually  required ;  in  other  words,  surrounding  each 
contact  there  is  a  little  zone  of  annealed  steel.  Right  under  the 
contact  the  metal  is  somewhat  blistered  and  remains  hard  to  a 
depth  of  about  a  quarter  of  an  inch.  Below  this  depth  it  is  soft 
again.     No  injurious  effect  lias  been  found  in  the  iron. 

Dr.  Emery-: — I  would  like  to  ask,  if  the  contacts  harden  the 
metal,  how  the  points  where  the  contacts  were  first  located  can 
be  annealed,  without  making  other  hard  spots.  Excuse  me ;  in 
formulating  my  question  I  realize  that  the  points  do  not  harden 
the  metal,  but,  being  cool,  they  simply  prevent  the  plate  from 
being  heated,  so  if  they  are  moved  to  a  place  already  annealed, 
they  will  not  harden  it. 

Mr.  Nelson  W.  Perry  : — In  the  Harvey  process,  I  understand 
the  process  is  very  similar  to  what  is  known  as  the  cementation 
process  in  the  manufacture  of  crucible  steel,  only  in  that  case 
they  use  a  wrought  iron  bar,  and  pack  it  in  carbon  and  raise  it  to 
a  high  temperatui*e,  and  hold  it  to  that  temperature  for  a  suffi- 
cient length  of  time,  and  through  a  sort  of  endosmotic  action,  the 
carbon  is  absorbed  by  the  surface  of  the  bar  and  it  is  made  ex- 
ceedingly hard.  In  the  Harvey  process,  I  understand  that  they 
start  with  a  mild  steel  and  introduce  additional  carbon  on  the 
surface.  Now  there  is  another  process  in  uietallnrgy  by  which 
they  take  a  high  carbon  substance,  such  as  gray  cast  iron,  and 
pack  it,  not  in  carbon,  but  in  an  oxidizing  substance,  such  as  the 
oxide  of  iron  and  bring  it  to  a  high  temperature.  It  has  reverse 
action — it  takes  the  carbon  out  and  reducing  its  quantity,  makes  it 
malleable  again.  That  is  in  general  the  process  which  is 
known  as  the  malleable  cast  iron  or  cast  steel  process.  From 
Dr.  Emery's  question  it  occurred  to  me  that  in  case  it  was  desir- 
able to  permanently  take  the  high  temper  out  of  these  hard  spots 
after  annealing,  that  they  might  interpose  an  oxidizing  substance 
between  the  surfaces  of  the  contact  and  the  steel,  so  as  to  draw 
out  a  certain  portion  of  the  carbon  and  make  it  a  lower  carbon 
steel. 

Mr.  Townsend  Wolcott  : — I  scarcely  think  that  would  work 
in  seven  minutes.  The  malleable  iron  process  takes  a  good  many 
days. 

Mr.  Perry  : — That  is  because  the  temperature  is  very  low. 


Digitized  by 


Google 


544  LEMP  ON  ELECTRICAL  ANNEALING,  [Oct.  28^ 

But  go  into  a  foundry  whenever  a  cast  is  made,  and  you  will 
notice  those  blue  flames,  which  are  due  to  this  very  process  taking^ 
place  wery  rapidly,  the  oxidizing  substance  in  this  case  being 
atmospheric  oxygen.  The  rapidity  of  carburation  or  decarbur- 
ation  is  some  function  of  the  temperature,  and  with  that  of  the 
electric  arc  would  be  very  rapid.  I  see  no  reason  why  the  de- 
carburation  of  a  thin  superficial  layer  under  the  conditions  named 
might  not  be  suflScientlv  rapid  for  practical  purposes. 

Dr.  Emert  : — Mr.  Chairman  :  The  answer  to  my  question  oc- 
curred to  me  as  I  asked  it.  I  attempted  to  explain  that  the 
points  do  not  harden  the  metal ;  being  cooled  they  simply  pre- 
vent annealing,  and  if  placed  on  an  annealed  part  of  the  plate  it 
will  remain  soft. 

[Communication  Submitted  by  Mr.  Lemp  after 
Adjournment.] 

To  answer  more  completely  the  questions  put  by  Mr.  Kennelly 
and  Dr.  Crocker,  in  reference  to  the  contact  resistance  between 
the  electrodes  and  the  armor  plate,  I  have  made  on  my  return  to 
Lynn  the  following  experiment : 

The  transformer  was  set  upon  a  block  of  18''  Harvey  plate, 
with  a  distance  between  the  tips  of  contacts  of  ^J'",  and  a  current 
of  90  amperes  allowed  to  pass  through  the  primary  for  approxi- 
mately half  an  hour. 

Inasm,uch  as  the  resistance  of  the  contacts  to  be  measured, 
causes  considerable  heating  of  the  contacts,  and  this  heat  is  car- 
ried away  by  the  water  cooling,  this  water  cooling  was  made  the 
means  for  determining  the  approximate  resistance  of  the  contacts. 
The  water  which  was  allowed  to  circulate  through  the  contacts, 
was  carefully  measured  for  temperature  before  it  entered,  and 
when  it  left ;  and  in  this  manner  thermal  units  determined,  which 
were  lost  through  the  contact  resistance. 

While  it  is  true  that  not  all  the  heat  is  properly  attributable 
to  the  contact  proper,  and  some  of  it  is  to  be  charged  to  the 
radiation  from  the  heated  surface,  still  this  item  is  nearly  enough 
balanced  by  the  loss  of  heat  of  the  contacts  proper.  The  energy 
put  into  heating  the  water  will  therefore  be  a  fairly  good  esti- 
mate of  the  heat  caused  by  the  contact. 

The  following  data  were  obtained  : 

Current  in  primary 90  amperes. 

K.  m.  F.     "       "         200  volts. 

Energy  as  measured  by  wattmeter 15,698  watts : 

8.4  lbs.  of  water  passing  through  the  contacts  per  minute  were 
raised  from  W  to  33^.  From  the  above,  totai  thermal  units, 
241.9,  or  a  loss  of  5.7  h.  p.  in  both  contacts.  This  was  equivalent 
to  4352  watts  for  both  contacts,  or  2 ITU  for  one,  and  the  current 
passing  through  the  secondary  being  9000  amperes,  the  resis- 
tance of  one  of  the  contacts  is  equal  to  .000026  ohms. 
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After  the  completion  of  the  experiment,  contacts  were  care- 
fully inspected,  and  it  was  found  that  a  circle  of  approximately 
Y  had  been  in  actual  contact  with  the  armor  plate,  which  witn 
the  current  density  of  9000  amperes  would  ^ve  a  density  of 
19550  amperes  per  square  inch.  While  this  is  not  as  dense  as 
intimated  in  my  paper,  it  represents  the  normal  condition, 
whereas  40000  is  a  condition  which  occasionally  happens,  without 
however  any  injurious  effects. 

The  Chaib3£an  : — Is  there  any  further  discussion  or  are  there 
any  more  questions  to  be  asked  in  reference  to  this  paper.  K 
not  we  will  proceed  to  the  consideration  of  the  next  paper  on  the 
programme,  "  The  Eating  and  Behavior  of  Fuse  "Wires  "  by  Pro- 
fessor Stine,  Mr.  Gaytes  and  Mr.  Freeman  of  Chicago.  This 
paper  having  been  sent  to  the  members  in  advance  it  will  only 
DC  necessary  for  the  Secretary  to  call  attention  to  certain  of  its 
points,  that  being  the  advantage  of  issuing  papers  previous  to  the 
meeting. 


Digitized  by 


Google 


A  paper  prttented  at  the  One  hundredth  Meeting 
of  the  American  Institute  of  Electrical  Engi» 
neerSf  New    Vorh   and  Chicago^  October  ajd^ 


THE   RATING    AND   BEHAVIOR  OF   FUSE   WIRES. 


BY    W.    M.    8TINE,    H.    E.    GAYTE8,   AND   C.    E.    FBBEMAN. 


It  is  with  a  certain  feeling  of  hesitation  that  the  attention  of 
the  general  engineering  profession  is  again  called  to  a  series  of 
investigations  relating  to  the  well-worn  subject  of  fuse-wires. 
Within  the  past  few  years  a  number  of  able  papers  on  the  sub- 
ject by  Messrs.  Jackson  and  Ochsner,  Mr.  C.  P.  Matthews,  and 
others,  have  been  presented  to  the  Institute.  These  have  ably 
supplemented  the  work  of  Preece  and  other  foreign  investiga- 
tors, and  at  the  same  time  developed  some  points  hitherto  neg- 
lected. The  latest  contributor  to  this  subject  has  been  Mr.  W. 
E.  Harrington,  who  employed  the  circuit-breaker  in  his  tests. 
The  literature  of  the  subject  has  been  further  increased  by  sev 
eral  excellent  theses  emanating  from  our  leading  technical 
schools.  The  bibliography,  too,  of  this  subject,  has  already  been 
referred  to  in  the  Transactions  of  the  Institute. 

However,  the  thermal  cut-out  is  still  one  of  tlie  most  unreli- 
able of  the  many  devices  employed  on  electric  circuits.  Its  use 
is  universal,  but  beyond  a  few  practical  details  the  device  is  but 
little  understood.  The  blocks  in  which  they  are  used  show  some 
slow  improvement,  but  most  of  this  has  been  due  to  the  vigilance 
of  insurance  boards,  and  they  are  still  far  from  perfect.  As  a 
source  of  vexation  and  uncertainty,  the  fuse  is  probably  unri- 
valed. 

An  analysis  of  the  literature  of  the  subject  shows  that  the 
theory  of  the  thermal  cut-out  has  been  thoroughly  investigated. 
The  elements  entering  its  action  have  been  carefully  studied 
and  incorporated  into  fairly  satisfactory  equations.  Yet  all 
tests  and  treatments  have  shown  the  thermal  cut-out  to  be 
subject   to   such    variations   and  modifying  influences  that  but 
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little  of  practical  value  can  be  deduced  from  analytical  investi- 
gations. 

These  considerations  led  the  writers  to  attempt  further  inves- 
tigations. The  fuse  was  dealt  with  as  an  auxiliary  to  electrical 
circuits,  and  its  behavior  under  such  conditions  was  carefully 
studied.  The  work  in  great  part  bears  on  points  already  treated 
of,  but  it  was  considered  best  to  study  the  entire  subject  afresh, 
and  endeavor  to  present  a  more  or  less  complete  discussion  of 
the  behavior  of  some  of  the  ordinary  alloys  employed  in  practice. 
Naturally,  the  data  obtained  has  been  voluminous,  in  all  some  1300 
determinations ;  but  great  care  has  been  taken  to  thoroughly 
check  all  results. 


Fig.  1. 


Ttie  Apparatus, — Fig.  1  is  a  plan  drawing  of  the  main  and 
auxiliary  apparatus,  with  all  connections  indicated.  One  of  the 
dynamo  leads  was  brought  to  the  switch  s.  This  switch  was  es- 
pecially designed  and  constructed  for  these  tests.  The  pivot  was 
placed  well  toward  the  handle  to  make  the  travel  of  the  blade  as 
rapid  as  possible.  The  carbon  rheostat,  c.  k.,  was  built  up  of 
carbon  plates,  wliose  contact  resistance  was  readily  varied  by 
screw  pressure.  The  fuse  was  tested  in  a  large  box  lined  with 
asbestos,  and  open  at  the  top,  permitting  of  inspection  and  access, 
while  at  the  same  time  protecting  the  fuse  from  draughts.  The 
lamp  rack,  p,  held  100  16-o.  p.  110-volt  incandescent  lamps. 
These  were  connected  in  groups  to  switches,  which  enabled  any 
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combination  from  1  to  100  to  be  used.  A  step-by-step  rheostat 
in  multiple  with  this  rack  was  used  to  adjust  the  current  through 
the  interval  of  one  lamp.*  By  its  use  the  current  could  T>e  ac- 
curately adjusted  within  the  limits  of  A  and  60  amperes.  For 
higher  currents  several  similar  racks  were  placed  in  multiple: 
Li  and  L2  were  small "  pony  "  relays  of  20  ohms  resistance,  having 
in  series  with  each,  five  16-c.p.  110-volt  lamps,  (ri  and  R2)  These 
relays  worked  on  a  current  of  about  10  milliamperes  each,  and 
were  wired  to  close  the  circuit  through  the  primary  of  the  in- 
duction coil  I.  Two  storage  cells  furnished  the  current  for  these 
relay  circuits,  t  was  an  electro-magnetic  tuning-fork  driven  by 
an  independent  storage-cell ;  c  an  iron  chronograph  drum  which 
was  turned  by  hand.  The  secondary  or  spark  circuit  of  the  in- 
duction coil  was  connected  to  the  tuning-fork  and  the-  chrono- 
graph drum  respectively. 

Method  of  Experiment, — The  current  to  which  the  fuse  was 
subjected  during  the  test  was  first  measured  accurately  by  throw- 
ing the  switch  on  contact  o,  and  passing  it  through  the  Weston 
ammeter,  a.  Both  the  circuits  passing  from  the  jaws  o  and  n  of 
the  switch  to  the  point  of  conjunction  q,  were  short,  and  of  No, 
4  A.  w.  o.  wire.  It  was  thought  best  to  take  the  resistance  of  the 
fuse  into  account,  and  adjust  the  resistance  of  the  ammeter  cir- 
cuit to  exactly  equal  that  of  the  fuse  circuit.  To  accomplish 
this,  a  current  smaller  than  the  known  fusing  current  was  sent 
through  the  fuse,  and  the  fall  of  potential  from  s  to  q  noted  on  a 
"Weston  milli- voltmeter.  The  current  was  next  switched  on  the 
ammeter  circuit  and  the  fall  over  this  from  s  to  q,  was  made  ex- 
actly that  over  the  fuse  circuit,  by  adjusting  the  compensating 
carbon  rheostat.  The  fusing  current  being  accurately  measured 
was  switched  over  on  the  fuse.  The  fusing  time  was  thus  accu- 
rately ascertained.  The  lamp  rack  being  a  non-inductive  resist- 
ance, the  time  interval  for  the  current  to  rise  to  its  full  value  on 
the  fuse  is  negligible  for  all  but  the  very  shortest  periods.  The 
resistance  of  the  bank  of  incandescent  lamps  could  not  materially 
alter  during  the  quick  throw  of  the  switch,  which  was  thrown 
by  striking  it  a  blow  on  the  handle.  Frequent  observations  made  on 
the  lamps  did  not  reveal  even  the  slightest  tremor  of  the 
light  when  the  switch  was  thrown.  To  render  the  point  naore 
certain,  the  time  interval  between  the  break  and  make  of  the 
switch  was  accurately  determined  chronographically,  and  found 

1.  For  illustrated  description  of  thb  lamp-rack  see  Electrical  Review,  New 
York.  October  24.  1894,  p.  201. 
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to  vary  between  ^^  and  -^^^^  of  a  second.  The  fusing  times 
were  noted  on  a  stop  watch  for  all  periods  exceeding  one  second. 
For  shorter  periods  the  chronograph  arrangement  was  used.  The 
tracings  of  the  electro-magnetically  driven  tnning-fork  t,  were 
made  on  smoked  paper  fastened  over  the  drum  c.  This  fork  was  al- 
ways rated  before  each  set  of  experiments,  by  switching  it  in  cir- 
cuit with  a  standard  second  clock.  Its  rate  was  about  67  double 
vibrations  per  second.  By  frequent  timing,  all  changes  in  rate 
due  to  temperature,  etc.,  were  noted  and  allowed  for.  The  ampli- 
tude of  the  fork  was  large  enough  to  allow  periods.of  less  than 
-Y^  second  to  be  accurately  measured.  The  records  on  the 
drum  were  made  by  sparks  from  the  induction  coil  upon  the 
breaking  of  one  of  the  relay  circuits. 

The  action  of  the  relays  was  as  follows: — "When  the  switch  was 
on  o,  Li,  was  closed  and  i^  open;  when  the  contact  was  broken  at  o, 
Lj,  opened,  throwing  a  spark  on  the  drum,  and  l^  closed.  The  switch 
making  contact  at  n,  Li  closed  and  L2  opened,  making  the  second 
spark  record.  "When  the  fuse  blew,  Lj  opened,  causing  the  third 
«park  record.  Though  both  relays  acted  synchronously,  there 
was  an  interval  during  which  the  current  through  coil  i  was  com- 
pletely broken.  Two  distinct  records  were  made  in  every  case. 
The  interval  between  the  first  and  second  sparks  gave  the  period 
of  open  circuit  for  the  switch,  while  the  interval  for  the  second 
and  third  sparks  gave  the  fusing  times.  The  relay  circuits  are 
indicated  with  sufficient  clearness  on  the  diagram. 

The  ExpemmenU. — As  our  experiments  were  designed  to  ex 
hibit  the  behavior  and  characteristics  of  the  fuse  used  for  protect- 
ing electrical  circuits,  it  was  considered  best  to  adopt  not  more 
than  two  brands  of  wire  for  all  the  tests,  rather  than  employ  a 
large  number  of  varieties.  Other  investigations  have  shown  that 
the  various  makes  of  fuse  wire  closely  resemble  each  other  in 
behavior,  and  the  conclusions  obtained  with  one  wire  would  be 
general  for  all.  The  first  make  of  wire  was  purchased  from 
supply  houses,  the  second  was  furnished  by  the  manufacturers. 

First  Set4e8, — These  tests  were  made  under  conditions  which 
we  shall  call  commercial,  or  those  which  obtain  in  practice.  In 
all  eases  the  fuse  wire  was  carefully  inserted,  so  as  to  obtain  a 
uniform  pressure  of  the  wire  under  the  screw  head  without  un- 
duly crushing  it.  The  same  block  was  used  repeatedly,  and  little 
care  taken  to  keep  the  terminals  clean.  This  was  done  to  more 
nearly  imitate  practical  conditions.     In  only  two  or  three  cases 
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out  of  hundreds  of  fuses  blown  did  the  rupture  occur  at  the  con- 
tact. Two  classes  of  porcelain  cut-outs  were  employed  ;  one  was 
the  open  porcelain  base  "  main  line  "  style,  the  other  the  dosed 
porcelain  "  k.  w."  variety.  In  the  latter,  the  10-ampere  size  has 
a  space  of  only  ^  inch  between  its  terminals,  though  the  fuse  is 
suspended  out  of  contact  with  the  porcelain  base.  This  style  of 
block  has  recently  been  condenmed  by  the  underwriters,  and 
very  properly.  "With  the  terminals  so  close  together,  a  fuse 
blowing  at  20  amperes  invariably  establishes  a  vicious  arc,  and 
the  terminals  melt  with  such  explosive  violence  as  to  fre- 
quently shatter  the  block.  Though  the  open  type  of  block  has 
an  added  fire  risk,  the  terminals  are,  as  a  rule,  further  apart.  A 
pronounced  fault  in  their  construction  is  that  the  terminals  are 
let  in  flush  with  the  surface  of  the  porcelain.     Nearly  all  types 

TABLE  I. 

FUSING  CUBBBNTS  IK  AMPEBES.— LIMITINO  TIME  1  MINUTE. 


A 

^^ 

Amp. 

A 

I 
Amp. 

A 
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Amp. 
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Amp. 
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Amp. 
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10 
Amp. 
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Amp. 
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Amp. 

B 
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Amp. 

B 

IS 

Amp. 

Covered  Block,  %  inch  ... 

Open  Block,  ;i  inch 

open  Block,  i  7-16  inches. 
Open  Block,  8  inches  Vert. 
Open  Block,  8  inches  Hor. 

as 
3 

1.5 

2 

5 
5 

3 
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10 
9 

5 
6 

U 
10 

6 
7 

ao 
«5 

9 
It 

35 
as 

30 
ao 
90 

«3 

7.5 

10 

of  porcelain  fuse-blocks  merit  severe  criticism  on  several  points. 
The  terminals  are  too  close  together  in  small  sizes,  the  fuse  often 
resting  on  the  top  or  base ;  and  their  mechanical  construction  is 
very  poor.  Too  little  attention  seems  to  be  given  to  the  proper 
function  of  a  fuse-block  in  its  design. 

Table  I  needs  but  little  comment.  It  clearly  shows  the  unre- 
liability of  the  porcelain  fuse  blocks  used,  and  also  the  imperfect 
commercial  rating  of  the  fuse  wire,  a.  The  limit  of  fusing  time 
was  60  seconds.  Fuses  larger  than  five  amperes  will  often  blow  in 
from  one  to  three  minutes  on  a  current  somewhat  less  than 
stated,  but  this  correction  is  so  slight  for  these  results  that  it  need 
not  be  seriously  considered. 

Second  Series. — The  open  eight  inch  block  was  adopted  to 
avoid  all  cooling  effects  from  the  terminals.  "When  used  hori- 
sontally,  the  fuse  rested  on  a  number  of  thin  asbestos  supports 
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let  into  grooves  one  inch  apart,  the  fuse  being  elevated  one  inch 
above  the  base  of  block.  In  those  tests  in  which  the  block  was 
placed  vertically,  hydrostatic  pressure  lowered  the  fusing  point, 
but  when  used  horizontally  the  data  may  be  regarded  as  the  nor- 
mal fusing  points  for  these  various  wires. 

The  data  of  Table  II  will  be  clearly  understood  from  the  ac- 
companying legends.  One  of  our  objects  was  to  accurately 
measure  the  fusing  times  for  abnormal  currents.  It  is  character- 
istic of  all  electro-thermal  devices  that  they  are  sluggish  in  ac- 
tion.   Cases  may  arise  in  practice  where  the  insulation  of  wires 

TABLE  II. 

FUSUfO  TIMES  IN  SECONDS. 


Amp. 
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a.8 

I.— so  Amp.  B. 

Horizontal  8  inches  Mica  supports  each  inch 

II.— ao  Amp.  B. 

Vertical  8  inches. 

III.— ao  Amp.  A. 

Horizonul  8  inches  Asbestos  supports  each  i 

nch. 

lV.-«>  Amp.  A. 

Vertical  8  inches. 

v.— as  Amp.  A. 

Vertical  8  inches. 

is  forced  to  become  a  fuse  competing  with  the  metal  supposed  to 
protect  the  circuit.  In  all  such  cases  it  is  only  a  question  as  to 
which  shall  yield  the  sooner.  There  is  sufficient  evidence  in  this 
table  to  explain  why  a  fuse  does  not  always  protect  an  armature 
from  burning  out.  The  table  becomes  the  more  significant  in 
this  light  when  it  is  noticed  that  the  data  has  been  obtained  by 
the  use  of  an  abnormally  long  fuse  block.  With  the  commer- 
cial block,  the  fusing  times  were  increased  many  fold. 

The  results  plotted  in  Fig.  2  are  significant.  The  upper  curve 
was  obtained  from  three-ampere  fuses  in  the  covered  block. 
The  curve  is  here  more  sharply  marked  than  in  the  case  of  the 
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same  wire  blown  in  an  open  block.  This  was  found  to  be  true 
for  all  sizes  of  wires  tested  in  this  manner,  and  indicates  that  a 
fuse  is  more  sensitive  in  a  covered  than  in  an  open  block.  In 
this  case  the  shorter  distance  between  the  terminals  raised  the 
fusing  point,  and  increased  its  inertia  for  higher  currents. 

It  was  considered  desirable  to  obtain  data  which  should  exhibit 
the  action  of  the  fuse  with  the  cooling  effect  of  the  terminals 
eliminated.  To  accomplish  this,  the  fuses  were  blown  in  lengths 
of  eight  inches,   with  asbestos  supports  placed  each  inch   of 
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Fig.  8. 


Fig.  3. 


length,  the  block  in  all  cases  being  horizontal.  The  supports 
practically  prevented  the  breaking  of  the  fuse  from  hydrostatic 
pressure.  The  results  with  a.  and  b.  wires,  and  the  German  silver 
(18  per  cent.),  as  well,  are  shown  in  Figs.  3-6.  It  was  supposed 
though  such  curves  are  hyperbolic,  that  for  abnormally  high  cur- 
rents they  would  exhibit  somewhat  constant  inertia  times,  due  to 
the  oxide  coating  and  other  mechanical  causes.  The  results 
clearly  confirmed  this,  the  inertia  time-constant  in  some  cases 
amounting  to  two  seconds. 
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The  blowing  of  the  fuse  is  uot  immediately  an  electrical  act. 
The  current  fuses  the  metal,  the  cross-section  is  reduced  at  some 
point  due  to  gravity,  unequal  expansion,  or  "  sweating"  ;  the  heat 
in  consequence  intensifies  at  this  point,  and  a  globule  falls,  break- 
ing the  circuit  and  establishing  an  arc,  which  soon  bums  out  a 
length  of  the  fuse.  This  accounts  for  the  sluggish  action  of  such 
thermal  cut-outs.  An  ideal  fuse  would  be  one  that  would  act  at 
approximately  a  constant  time  interval  for  all  currents  in  excess 
of  its  normal.  It  would,  in  this  respect  closely  resemble  the  ac- 
tion of  an  electro-magnetic  cut-out.  Its  curve  would  be  a  straight 
line  extending  from  its  normal  point,  and  slightly  approaching 
the  vertical  axis  for  all  abnormal  currents,  being  thus  identical 
with  the  curve  of  the  electro-magnetic  cut-outs.  In  practice  the 
curves  of  all  thermal  cut-outs  must  be  more  or  less  inoditied  hy- 
perbolas. The  ideal  curve  could  only  be  attained  were  it  possi- 
ble to  eliminate  conduction  and  radiation  losses.  This  is  evidently 
the  line  to  follow  in  designing  a  sensitive  fusing  block. 

The  curves  in  Figs.  3  and  4  clearly  exhibit  the  relative  sensitive- 
ness of  small  and  large  fuse  wires,  the  smaller  diameters  approach- 
ing more  nearly  the  ideal  condition.  This  is  of  great  practical 
interest  in  guarding  against  excessive  currents  of  short  duration, 
fiuch  as  motors  are  subject  to  when  operated  from  street  railway, 
and  power  circuits.  In  such  cases  a  multiple  fuse  of  four  pieces 
of  5-ampere  wire  would  prove,  from  two  to  three  times  as  sensi- 
tive as  one  piece  of  20-ampere  size.  Such  multiple  fuses  have 
been  found  by  the  writer  to  effectually  prevent  the  belt  slipping 
off  the  pulley  of  small  dynamos  under  short-circuits.  The  slug- 
gishness of  large  fuse  wires  may  be  due  to  the  cooling  of  the 
outer  layers  which,  with  the  oxide  coating,  prevent  the  fuse  from 
breaking.  It  is  evident  that  this  effect  would  be  less  in  small 
wires.  For  this  reason  a  thin  ribbon  should  prove  more  sensitive 
than  a  round  wire. 

These  tests  with  long  lengths  of  wire  reveal  some  actions  which 
may  account  for  the  lowering  of  the  fusing  point  by  use.  In  the  a 
wires,  with  a  current  just  below  the  fusing  value,  the  wires  were 
found  to  "sweat"  ;  the  oxide  film  broke  in  places  and  allowed  the 
molten  interior  to  ooze  out.  When  the  current  was  shut  off  the 
globules  were  drawn  in,  leaving  the  wire  pitted.  IjVith  the  b  fuses 
the  metal  was  found  to  be  remarkably  plastic  and  free  from  the 
oxide  film.  These  fuses  sagged  badly  and  twisted,  showing  a 
high  coeflicient  of  expansion.  As  a  result  they  were  drawn  out 
and  the  cross-section  reduced. 
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When  used  vertically,  the  metal  flowed  until  a  large  globule 
formed,  the  rupture  occurring  just  above  this.      In  the  case  of 


the  German  silver  fuses,  the  sweating  resulted  in  partially  break-^ 
ing  up  the  alloy,  the  zinc  seeming  to   melt  out  from  the   nickel 
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and  fusiug  with  the  copper,  formed  globules  of  brass.  This  was  so 
marked  that  it  would  render  such  fuses  too  uncertain  for  use  in 
all  but  the  smallest  diameters  of  wire. 

A  comparison  of  the  3-ampere  curves  in  Figs.  2  and  3  shows 
the  effect  of  shortening  the  fuse.  The  blowing  current  for  15 
seconds  of  6.3  amperes  in  the  case  of  the  short  fuse  in  the  open 
porcelain  block,  was  raised  to  10  amperes.  Excepting  the  higher 
fusing  points,  the  cui've  of  the  long  fuse  is  the  same  as  that  for 
the  shorter  length.     It  is  evident  from  such  data  that  the  usual 


m^ 

1 

oO 

9< 

*o 

\ 

1              1 

0» 

V 

JO 

V 

12.5 

Mils 

11 

V^ 

! 

8    Mils. 

VI 

1 

\, 

3  Mils 

^ 

1 

1 

V 

r         / 

0             J 

6             k 

,0           ^ 

6           3 

0            3 

5 

-     Scco^o9 


Fig.  5. 


rating  of  fuse  wires  in  ampere  carrying  capacity  is  practically 
valueless,  and  should  be  discontinued.  The  proper  designation 
for  such  wires  would  be  a  table  of  carrying  capacities  for  the 
lengths  ordinarily  employed. 

The  10-ampere  wire  of  Fig.  3  fused  in  30  seconds  at  15  am- 
peres in  an  eight  inch  length ;  in  a  length  of  one-half  inch  in  a 
covere4  block  at  35  amperes,  and  in  the  open  block,  length 
seven-eighths  inch,  at  25  amperes.  Accompanying  each  spool  of 
the  B  wire  was  a  stated  carrying  capacity  for  a  given  length,  but 
this  is  not  sufficient,  since  it  furnishes  no  guide  for  other  lengths. 
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Copper  fuses  have  frequently  been  stated  to  be  more  prompt 
in  action  than  the  alloys  usually  employed.  Compare  the  curve 
of  the  12.5  mil  copper  wire  (Fig.  5)  with  that  of  the  12-ampere 
wire  in  Fig.  4,  and  the  increased  sensibility  of  the  copper  fuse  is 
apparent.     The  plastic  condition  of  the  ordinary  fuse  alloys  ex- 
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tends  through  a  proportionately  greater  temperature  range  than 
the  copper,  resulting  in  a  rounded  curve.  The  copper  fuses 
reached  red  and  even  white  heat  in  theee  tests,  while  the  other 
fuse  wires  scarcely  reached  a  perceptible  glow.  This  has  a  prac- 
tical significance  in  selecting  metals  for  fuse  wires.     Metals  in 
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general^  which  can  be  worked  at  or  near  a  white  heat,  will  prove 
most  sensitive,  since  a  slight  increase  of  heat  will  make  them 
highly  fluid,  and  rupture  will  promptly  occur.  The  practice  of 
using  copper  in  street  railway  circuits  for  limit  fuses  seems  jus- 
tifiable. Whether  the  oxide  film  of  copper  fuses  would  prove 
progressive  in  formation,  is  a  question  which  has  not  been  defin- 
itely settled.  A  3-mil  copper  wire,  which  fused  at  2.2  amperes 
in  13  seconds,  was  fatigued  at  a  red  heat  for  eight  minutes ; 
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cooled  and  tested  under  the  first  condition,  it  fused  at  2.2  am- 
peres in  14  seconds. 

The  A  fuses,  cut  from  the  ordinary  lead-tin  fuse  wire,  only 
worked  at  a  bright  red  heat  in  very  short  lengths,  such  as  i  inch. 
This  undoubtedly  influenced  the  sharpness  of  the  curve  for  the 
closed  block  in  Fig.  2,  and  is  a  fact  that  seems  to  possess  some 
practical  importance.  Our  tests  in  general  showed  the  desira- 
bility of  working  fuses  at  a  red  heat  for  normal  maximum  loads. 
But  this  is  a  question  which  must  be  eventually  left  with  the 
underwriters. 
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Fig.  7  gives  the  relative  sensibility  for  the  different  fns^  metals 
tested,  and  the  copper  curve  is  clearly  the  best.  German  silver 
acts  well  in  these  wires,  but  for  the  larger  sizes  (Fig.  6)  it  offers 
no  advantages,  and  deteriorates  more  rapidly  than  any  wire 
tested.  It  is  now  in  general  use  on  telephone  and  similar  cir- 
cuits. The  wire  is  about  four  inches  in  length  and  inclosed  in  a 
fibre  tube.     A  number  of  such  fuses,  obtained  from  the  Chicago 
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Telephone  Company,  were  tested.  They  were  rated  for  a  carry- 
ing capacity  of  five  amperes  and  fused  in  all  cases  within  six 
amperes.  A  slight  variation  in  fusing  was  no  doubt  due  to  the 
cooling  effect  of  the  tube  in  contact  with  the  wire.  Some  such 
device  as  this,  with  copper  wire  for  the  fuse,  would  be  most  ex- 
cellent for  electric  lighting  and  power  circuits. 

It  was  thought  best  to  study  the  influence  of  "  fati^me  "  on  a 
wire.     A  special  board  was  prepared  with  two  rows  of  insulated 
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pius  placed  ten  inches  apart.  A  length  'of  fuse  wire  was  threaded 
back  and  forth  over  these,  the  wire  being  supported  out  of  con- 
tact with  the  board.  A  current,  just  short  of  the  fusing  strength, 
was  passed  for  seven  hours.  The  results  are  plotted  in  Fig.  8. 
It  will  be  noticed  that  the  a  fuses  experienced  a  positive  fatigue, 
the  B  wire  a  negative  one.  This  is  of  importance  in  practice,  and 
shows  the  superiority  of  the  b  wire,  whose  fusing  point  was  low- 
ered while  the  other  was  raised,  due  to  a  diminution  of  cross- 
section  and  absence  of  oxide  film. 


Fig.  9. 

A  great  deal  has  been  said  about  the  influence  of  grease  films 
on  lead  fuses.  This  point  was  also  investigated.  The  grease  was 
removed  from  the  wires  by  immersion  in  KOH  and  NaOH 
with  subsequent  washing.  In  other  cases  the  wire  was  cleaned 
by  the  use  of  fine  sand-paper.  The  oxide  film  was  also  removed 
by  immersion  in  nitric  acid.  Measurements  showed  that  this 
treatment  did  not  sensibly  reduce  the  cross-section.  When  the 
oxide  film  was  removed  by  either  mechanical  or  chemical  means 
it  was  noticed  that  a  thicker  coating  formed  at  once,  raising  the 
fusing  point.     In   short,   these  tests   showed   that   nothing  was 
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gained  by  cleaning  the  wires,  but  that  the  thin  film  of  grease  de- 
posited during  the  drawing  of  the  wire  was  rather  an  advantage. 
The  wires  were  also  coated  with  shellac,  but  without  encourag- 
ing results.  Some  coating,  not  affected  by  heat,  and  which  would 
reduce  the  radiation,  would  doubtless  increase  the  stability  and 
sensibility  of  fuse  wires. 

For  the  following  tests  an  adjustable  fuse  block  was  constructed, 
on  which  the  fuse  was  held  about  one  inch  above  the  base,  and 
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supported  each  inch  by  either  thin  asbestos  or  mica  supports.  In 
order  to  ascertaia  the  influence  of  these  supports,  tests  plotted  in 
Fig.  9  were  made.  The  influence  of  hydrostatic  pressure  is 
shown  by  the  horizontal  curve  with  the  asbestos  supports 
being  higher  than  the  vertical  curve.  The  curve  with  mica  sup- 
ports is  lower  for  the  reason  that  the  mica  cut  the  softened  wire. 
A  singular  phenomenon  was  noticed  with  the  a  fuses  blown 
horizontally  in  the  eight-inch  block.      The  arc  would  usually 
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occur  at  about  the  same  place  near  the  center  of  the  fuse,  and  when 
the  time  was  within  six  seconds,  the  entire  fuse  was  shattered 
into  approximately  equal  lengths,  varying  from  f  inch  to  }  inch, 
depending  upon  the  current  employed.  The  length  of  these  pieces 
varied  inversely  with  the  current  strength.  The  uniformity  of 
these  results  was  noticeable  throughout  all  our  tests.    The  entii'e 
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fuse,  to  within  a  short  distance  of  the  terminal,  seemed  to  explode 
into  fragments  simultaneously  with  the  formation  of  the  arc.  This 
rhythmic  action  has  been  pointed  out  by  the  author,  for  copper 
wire  fused  by  lightning.^  The  ends  of  such  pieces  invariably 
showed  a  crystalline  structure,  indicating  that  the  entire  fuse  was 
melted,  and  prevented  from  flowing  by  the  oxide  film. 

1.  Ekdrieal  Engineer,  July  18,  1895,  p.  88. 
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So  much  seems  to  depend  on  the  cooling  effect  of  the  terminals, 
that  it  was  determined  to  work  this  point  out  with  great  care. 
The  terminals  of  the  adjustable  block  were  made  of  brass,  and 
purposely  made  unusually  massive.  Care  was  also  exercised 
to  keep  the  terminal-contacts  bright  and  clean.  Constant  fusing 
times  were  adopted,  with  varying  lengths.  This  method  of  ex- 
periment is  extremely  tedious,  since  it  is  not  only  difficult  to  as- 
certain the  exact  current  for  a  length  in  a  given  time,  but  any 
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slight  draught  or  variation  in  the  current  will  produce  a  sensible 
inodification  in  this  time.  Up  to  this  point  the  current  had  been 
obtained  from  a  50-k.  w.  110-volt  d.  c.  dynamo,  furnishing  a  suf- 
ficiently constant  e.m.f.  For  the  following  tests  a  storage  battery 
of  60, 180-ampere  hour  cells  was  employed.  The  result  for  a 
constant  time  of  30  seconds  is  shown  in  Figs.  10  and  II;  and 
for  constant  times  of  30,  15  and  5  seconds  in  Figs.  12  and  13. 
The  relation  between  size  of  wire  and  length  of  fuse  for  maxi- 
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mum  seDsIbility  is  shown  by  the  curves  of  Figs.  10  and  11.  The 
curves  of  Fig.  13  exhibit  well  the  sluggish  action  of  the  fuse 
wire.  For  five  seconds  two  inches  is  the  critical  length,  wliile 
for  a  time  of  30  seconds  it  is  nearly  five  inches.  Data  for  times 
longer  than  30  seconds  are  not  materially  different  from  those  at 
this  period.     For  a  given  fuse,  then,  blown  in  a  given  time,  there 
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is  a  critical  length.     We  are  now  in  possession  of  full  data  for  the 
complete  discussion  of  this  most  important  question. 

K  a  fuse  is  to  be  employed  for  maximum  sensibility  at  normal 
rating,  the  curves  of  Fig.  11  will  enable  the  length  to  be  deter- 
mined by  the  location  of  the  critical  point  in  the  curve,  which  is 
the  point  at  which  the  cooling  effect  of  the  terminals  becomes 
marked.     For  three-  and  five-ampere  fuses,  lengths  of  2^  inches 
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should  be  employed;  the  10-  and  15-ampere  fuses  indicate  a  length 
of  3^  inches,  the  20-ampere  of  4  inches.  Judged  of  by  common 
practice  these  lengths  seem  excessive,  but  the  data  clearly  indi- 
cate  where  practice  might  be  corrected. 

Comparing  the  curves  in  Fig.  2  with  these,  it  is  readily  seen 
that  the  effect  of  the  terminals  is  equivalent  to  shortening  the 
time  as  in  Fig.  13,  and  so  increasing  the  carrying  capacity.  But 
these  short  lengths  in  no  case  fuse  normally.  It  is  only  adding 
the  complexity  of  the  fuse  to  the  uncertainty  of  the  contact. 
Should  the  fuse  itself  become  oxidized,  the  carrying  capacity 
will  be  largely  augmented.  We  believe  sufficient  data  has  been 
presented  to  show  that  it  is  poor  practice  to  employ  short  lengths 
to  economize  in  porcelain. 

We  may  now  summarize  some  of  the  practical  conclusions 
deduced: 

1.  Covered  fuses  are  more  sensitive  than  open  ones. 

2.  Fuse  wire  should  be  rated  for  its  carrying  capacity  for  the 
ordinary  lengths  employed. 

2.  (a)  When  fusing  a  circuit,  the  distance  between  the  ter- 
minals should  be  considered. 

3.  On  important  circuits,  fuses  should  be  frequently  renewed* 

4.  The  inertia  of  a  fuse  for  high  currents  must  be  considered 
when  protecting  special  devices. 

5.  Fuses  should  be  operated  under  normal  conditions  to  ensure 
certainty  of  results. 

6.  Fuses  up  to  five  amperes  should  be  at  least  1^  inches  long^ 
one-half  inch  to  be  added  for  each  increment  of  five  amperes 
capacity. 

7.  Round  fuse  wire  should  not  be  employed  in  excess  of  30 
amperes  capacity.  For  higher  currents  flat  ribbons  exceeding 
four  inches  in  length  should  be  employed. 

Armour  Institute  of  Technology, 
Chicago,  Oct.  1st,  1895. 


Discussion. 

The  Chairman  : — This  paper,  while  dealing  with  a  question 
that  is  by  no  means  new,  and  should  long  ago  have  ceased  to  be 
a  subject  of  discussion,  is  nevertheless  one  which  is  more  con- 
stantly discussed  and  no  more  settled,  than  many  of  the  problems 
which  are  far  more  diflScult  inherently.  The  physical  conditions 
governing  the  fusion  of  a  wire  would  appear  to  be  very  definite 
and  easily  determined.     Certainly  no  one   would  imagine  that 
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this  subject  would  be  one  of  the  last  to  become  definite  from  our 
point  of  view.  But  the  fact  remains  that  to-day  fuse  wires  are 
by  no  means  relied  upon  ;  indeed,  the  very  term  ''  fuse  wire  " 
is  almost  synonymous  with  unreliability.  It  certainly  would  not 
seem  that  this  is  a  necessary  condition.  I  think  it  is  owing  to  the 
fact  that  the  length  of  the  wire,  the  terminals  to  which  it  is  at- 
tached, and  the  question  whether  it  is  enclosed  or  open,  and  many 
other  important  conditions  are  entirely  ignored.  Under  those 
circumstances  no  scientific  accuracy  can  possibly  be  obtained. 
But  provided  each  fuse  wire  were  rated  at  a  certain  length  and 
for  use  under  certain  conditions,  I  see  no  physical  or  other  possi- 
bility of  great  variation  between  different  fuses.  Nevertheless 
the  subject  is  so  uncertain,  and  so  many  engineers  express  their 
lack  of  confidence  in  the  whole  matter,  that  it  is  well  worthy  of 
<5onsideration.  But  it  has  already  been  discussed  quite  recently 
by  the  Institute  at  Niagara,  and  the  point  was  there  brought 
out,  which  I  think  should  be  borne  in  mind  to-night,  that  we 
must  know  what  our  fuses  are  expected  to  do.  In  other  words, 
if  one  engineer  intends  a  fuse  to  accomplish  a  certain  result  and 
another  engineer  another  result,  it  obviously  cannot  fulfil  both 
expectations,  and  that  is  another  cause  of  difficulty.  Some  re- 
quire that  the  fuse  shall  carry  an  abnormal  current  for  a  certain 
small  interval  of  time  without  fusing.  Others  require  that  it 
shall  fuse  instantly.  No  fuse,  of  course,  can  do  both.  But  even 
that  could  be  covered  by  having  fuses  of  a  certain  "  inertia  "  as 
Professor  Stine  calls  it,  and  otlier  fuses  that  are  supposed  to  yield 
as  soon  as  the  current  reaches  a  definite  excess.  Tne  subject  is 
certainly  one  that  is  worthy  of  discussion  and  is  now  open  for 
consideration. 

Dr.  Emery  : — Mr.  Chairman  :  It  is  probable  that  the  princi- 
pal electricians  of  prominent  companies  have  given  these  matters 
very  close  study  in  some  cases,  and  in  this  connection  I  call  at- 
tention to  the  fuse  used  on  the  railway  motors  of  the  Westing- 
house  company.  If  I  recollect  aright,  they  employ  a  fuse  of 
No.  13  copper  wire  which  is  placed  in  a  groove  around  a  wooden 
block  enclosed  in  a  wood-lined  box.  Considerable  length  of  fuse 
is  thus  secured,  and  it  is  protected  from  rapid  radiation  of  heat. 
These  fuses  doubtless  carry  from  100  to  120  amperes  and  do  not 
blow  readily.  One  car  will  pull  another  on  the  track  at  a  very 
«low  speed  and  the  fuse  is  rarely  blown.  When  a  fuse  does 
blow  it  is  with  an  explosion.  I  have  used  copper  wire  fuses  fre- 
quently in  experimenting  with  electric  motors  and  found  them 
very  convenient  and  reliable. 

Mr.  Kennelly  : — Mr.  Chairman,  the  most  important  part  of 
this  important  paper,  is  its  end,  where  the  conclusions  appear, 
and  I  think,  that  at  least  in  phraseology,  if  not  in  actual  intention, 
«ome  of  these  conclusions  might  be  criticized;  for  example,  the 
first  conclusion,  namely  that  covered  fuses  are  more  sensitive  than 
•open  ones.     Now  I  am  not  sure  of  the  meaning  that  is  intended 
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for  the  word  sensitive  in  this  ease.  If  the  word  sensitive  means 
that  the  fuses  will  ultimately  melt  within  narrower  limits  of  cur- 
rent strength  than  if  the  fuses  are  uncovered,  I  suppose  we  would 
all  agree  that  this  is  correct.  But  if  the  word  sensitive  means 
sensitive  in  regard  to  time,  or  in  regard  to  range  of  variation  in 
which  the  duration  of  the  current  is  included,  I  think  the  very 
opposite  is  true — that  such  fuses  when  covered  are  not  more  sen- 
sitive. The  reason,  of  course,  is  clear.  If  you  surround  a  fuse 
with  some  solid  substance,  if  you  place  it  in  contact  with  some 
solid  material,  so  soon  as  you  heat  the  fuse,  the  fuse  commences 
to  impart  heat  to  the  solid  material,  and  it  cannot  attain  a  melt- 
ing temperature  until  a  fairly  large  amount  of  heat  has  been  so 
communicated,  so  that  a  considerable  time  must  elapse  before  the 
temperature  of  the  neighboring  material  has  been  so  far  raised 
as  will  permit  the  fuse  to  melt  at  its  normal  current.  On  the 
other  hand,  of  course  a  fuse  that  is  protected  from  drafts  of  air, 
or  a  fuse  that  is  even  protected  by  solid  materials  is  more  apt  to 
be  true  to  its  rating,  than  one  which  is  liable  to  be  influenced  by 
all  the  air  currents  in  the  neighborhood.  The  difficulty  with 
fuses,  as  we  all  know,  and  as  the  Chairman  has  expressed  it,  is 
the  fact  that  no  two  men  usually  employ  fuses  for  the  same  pur- 
pose. In  some  cases  they  are  wanted  to  blow,  and  blow  promptly 
the  moment  that  their  fusing  current  is  exceeded.  In  other 
cases  they  are  not  wanted  to  blow  until  a  large  excess  of  current 
stren^h  is  reached,  and  the  two  requirements  are  so  opposed 
that  it  is  not  remarkable  there  has  been  a  great  diversity  of  prac- 
tice and  rating.  The  only  way  to  obtain  a  unity  of  expression 
and  a  unity  of  rating,  is  to  state  precisely  how  the  fuse  is  to  be 
used,  and  curiously  enough  these  two  papers,  which  seem  to  be 
so  remote  from  each  other  in  application,  although  bound  up  in 
the  same  pamphlet  form,  have  a  very  important  bearing  one  upon 
the  other ;  because  we  find  that  the  environment  in  the  case  of 
the  annealing  of  hard  armor  plates  is  just  the  very  condition 
which  enables  the  enormous  current  density  of  40,000  amperes 
to  the  square  inch  to  be  employed,  when  under  ordinary  circum- 
stances only  a  small  fraction  oi  that  intensity  could  be  employed 
in  copper  at  the  same  temperature.  Very  often  you  will  iind 
that  a  fuse  melts  far  below  its  rated  capacity,  simply  because  the 
copper  terminals  are  not  sufficiently  large  to  carry  away  the  heat, 
and  the  lead  is  blamed  for  what  is  entirely  the  fault  of  the  cop- 
per connections. 

I  do  not  quite  agree  with  Dr.  Emery  that  copper  wires  make 
the  best  fuses.  It  is  often  very  convenient  to  use  a  copper  wire 
for  a  fuse,  but  the  difficulty  with  a  copper  wire  is  frequently  that 
if  you  wish  to  employ  a  sensitive  fuse  that  shall  melt  at  only  a 
small  margin  above  its  rated  capacity,  you  must  operate  that  cop- 
per wire  red  hot  under  normal  conditions  in  order  that  it  shall 
melt  at  a  reasonably  small  percentage  above  normal,  and  I  think 
that  has  been  the  principal  objection  to  copper  wire  fuses  up  to 
the  present  time. 
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Affain,  it  surely  is  not  necessary  to  employ  fuses  five  inches  in 
lengtn,  of  five  amperes  on  ordinary  low  circuits.  If  you  can  pro- 
tect the  fuse  by  putting  it  under  cover,  that  is  to  say  keep  it  from 
drafts  of  air  and  have  specified  or  definite  arrangements  for 
clamping  at  the  ends  of  it,  you  can  use  tin  foil  if  necessary,  for 
very  weak  currents,  say  below  one  ampere,  and  you  can  use  fine 
wire  for  currents  from  one  up  to  five  amperes,  without  great  diffi- 
culty. When  you  have  various  clamps  and  various  conditions  of 
air  currents,  then  it  is  true  that  you  must  employ  long  fuses. 

The  Chairman  : — In  the  absence  of  the  author  I  feel  justified 
in  making  what  appears  to  be  an  answer  to  Mr.  Kennelly's  first 
criticism  m  regard  to  Conclusion  1.  As  I  understand  him,  he 
said  that  covered  fuses  signify  those  in  contact  with  some  material.. 
I  do  not  understand  the  sentence  to  mean  that.  It  simply  means 
enclosed  fuses  not  necessarily  in  contact  with,  or  perhaps  not  even 
within  half  an  inch  of  any  solid  material. 

Mr.  Kennelly: — That  would  certainly  overcome  my  ob- 
jections. 

Mr.  Wolcott  : — I  think  that  Conclusion  3  is  quite  an  import- 
ant one — that  on  important  circuits  fuses  should  be  frequently 
renewed.  If  a  fuse  is  run  up  to  its  rated  capacity  all  the  time,  that 
certainly  is  very  important.  The  metal  will  change,  of  course, 
that  is  shown  in  the  paper  here  how  the  metal  changes  when  the 
current  is  turned  on.     You  certainly  find  that  in  ordinary  fuses. 

The  Chairman  : — This  matter  is  so  fundamental  in  our  pro- 
fession that  any  progress  that  can  be  made  with  it  is  of  consider- 
able importance.  It  seems  to  me  that  the  difficulty  is  largely 
dependent  upon  the  fact  that  a  certain  spool  of  wire  is  sold  as  a 
ten-ampere  fuse,  without  specifying  under  what  conditions  it 
shall  be  used.  I  think  that  is  about  the  sum  and  substance  of  the 
difficulty.  But  there  may  be  more  to  it  than  that,  and  if  so,  we 
should  hear  from  those  who  know  further. 

Mr.  R.  T.  Lozier  : — I  think  one  of  the  most  important  points 
that  Professor  Stine  has  called  attention  to  is  Conclusion  3,  that 
is  to  say  frequently  renewing  the  fuses.  I  know  when  I  was  con- 
nected with  the  Edison  company,  that  the  oxidation  of  the  fuses 
in  the  street  circuit  boxes  was  rectified  by  changing  the  alloy  to 
overcome  that  objection.  I  know  that  in  practical  experience 
that  point  of  changing  the  fuses  is  one  that  is  seldom  recognized. 
It  is  one  that  I  did  not  know  of  myself.  I  think  that  that  one 
fact  alone  is  a  very  important  one  to  the  profession. 

The  Chairman: — That  point,  however,  would  relate  rather  to 
the  question  of  fuses  blowing  sooner  than  they  should,  instead  of 
not  blowing  when  they  should.  It  is  those  which  do  not  blow 
when  they  are  expected  to,  that  have  given  fuses  the  reputation 
of  unreliability.  It  is  the  fuses  which  carry  two  and  three  and 
four  times  their  normal  current  that  electrical  engineers  are 
suspicious  of,  and  not  the  fuses  which  blow  too  easily,  although 
of  course  the  latter  is  not  desirable.     A    fuse  should  not  blow 


Digitized  by 


Google 


558         STINE.  QA  TTES  AND  FREEMAN  ON  FUSE  WIRES.    [Oct.  28, 

below  its  rated  current.  At  the  same  time  it  is  not  those  which 
have  given  the  bad  reputation  to  fuses.  I  have  heard  hundreds 
of  times  of  fuses  carrying  a  multiple  of  the  currents  that  they 
were  intended  for,  and  a  large  multiple  at  tliat. 

Mr.  Wolcott  : — I  think  the  Chairman  is  entirely  right  in  this 
matter.  An  instance  of  the  trouble  you  generally  find  in  fuses 
is  this :  If  there  is  a  fuse  for  a  single  light  in  the  base  of  the 
lamp  it  sometimes  will  stand  more  than  the  plug  that  supplies 
the  whole  room,  that  is,  the  plug  will  blow  and  put  out  all  the 
lights  in  the  room  instead  of  the  single-light  fuse  blowing. 

The  Chairman  : — Of  course  in  safety  devices,  on  general  prin- 
ciples, it  is  much  better  to  have  them  act  too  soon  than  too  late 
as,  for  example,  a  safety  valve. 

Mr.  Wm.  Stanley  : — I  know  very  little  of  the  subject,  but  it 
seems  to  me  that  a  perfect  fuse  would  be  one  having  a  variable 
temperature  coefficient,  and  consisting  of  a  substance  whose  resis- 
tance should  remain  practically  constant  for  the  lower  working 
temperatures,  and  should  increase  rapidly  with  higher  tempera- 
tures produced  by  abnormal  currents.  1  think  that  a  copper 
wire  itself  possesses  a  very  decided  advantage  in  one  way  over 
the  ordinary  fuse  wire.  The  process  of  passing  from  the  solid  to 
the  fluid  state  is,  in  all  metals,  when  arranged  as  they  must  be 
for  fuses,  a  gradual  process,  whether  it  is  because  of  some  out- 
side physical  condition  or  not  I  do  not  know,  but  I  have  often 
noticed  that  portions  of  a  fuse,  especially  of  a  strip,  would  be 
quite  li(juid  while  other  portions  would  still  remain  hard,  when 
there  did  not  seem  to  be  any  good  reason  for  such  inequality  due 
to  inequality  of  area.  A  copper  wire  passes  from  the  solid  to  the 
liquid  state  with  an  explosion.  The  ordinary  fuse  wire  droops 
and  slowly  explodes,  if  I  may  use  such  a  term,  and  while  I  have 
found  in  using  fuses  on  transformers  that  a  copper  wire  is  the 
most  reliable,  1  have  also  found  that  it  is  well  to  enclose  it  if  one 
wants  very  reliable  work — wants  the  fuse  to  be  quite  accurate — 
to  enclose  it  in  a  glass  tube  filled  with  sand  or  brick  dust  or  any 
gritty  insulating  material.  After  the  breaking  of  a  fuse  so  en- 
closed, one  cannot  find  the  constituent  parts  of  it  at  all.  It  is  as 
though  it  had  evaporated. 

The  Chairman  : — Points  of  that  kind  are  just  what  we  re- 
quire, I  imagine.  My  experience  in  regard  to  copper  fuses  has 
been  that  they  are  more  reliable  than  the  ordinary  fuse  wires, 
although  some  high  authorities  say  that  is  wrong — that  we  should 
use  easilv  fusible  alloys,  but  as  a  matter  of  fact  I  think  that  all 
practical  men  who  have  to  use  fuses  in  emergencies  would 
rather  depend  upon  a  copper  wire  that  they  know  something 
about  than  on  a  fuse  wire.  Alloys  are  of  indefinite  composition, 
whereas  copper  wire  is  of  very  definite  composition.  In  other 
words,  it  is  almost  perfectly  pure  copper.  Alloys  may  consist  of 
any  proportion  of  almost  any  metai.  That  might  account,  I 
think,  for  many  of  the  great  variations  which  occur  in  practice. 


Digiti 


ized  by  Google 


1895.]  DISCUSSION  IN  NEW  YORK,  569 

The  idea  of  surrounding  a  copper  wire  with  sand  in  a  tube  would 
seem  to  bring  the  conditions  to  a  definite  point,  which  is  all,  I 
think,  that  is  needed.  The  conditions  are  certainly  of  the  ut- 
most simplicity,  provided  we  can  always  get  them  the  same.  I 
cannot  admit  that  this  problem  is  a  difficult,  one  inherently.  It 
is  difficult  only  because  on  account  of  its  extreme  simplicity  we 
have  been  careless  about  it  and  have  not  specified  the  conditions. 
We  must  specify  how  long  the  wire  shall  be,  and  wherie  it  must 
be  placed,  and,  if  necessary,  we  can  have  a  dozen  kinds  of  fuse 
wires  of  10  amperes  normal  capacity  to  be  used  under  different 
conditions.  There  is  nothing  very  difficult  about  that  or  any- 
thing that  differs  very  materially  from  the  conditions  in  other 
questions.  It  is  always  necessary  when  we  have  definite  scien- 
tific conditions  to  specify  exactly  what  those  conditions  shall  be, 
and  that  is  what  has  been  lacking  in  regard  to  fuses,  and  conse- 

auently  their  action  has  been  a  matter  of  guesswork  and  not  of 
efinite  quantitative  relations. 

Dr.  Emery: — Mr.  Chairman  :  In  line  with  the  remarks  of 
yourself  and  Mr.  Stanley  and  in  connection  with  my  previous  re- 
marks, I  call  attention  to  the  top  of  page  556  of  the  paper,  which 
reads :  "  Copper  fuses  have  frequently  been  stated  to  be  more 
"  prompt  in  action  than  the  alloys  usually  employed.  Comparing 
"  the  curve  of  12.5  mil  copper  (Fig.  5)  with  that  of  the  12-ampere 
"  wire  in  Fig.  4,  and  the  increased  sensibility  of  the  copper  fuse  is 
*'  apparent."  Examining  the  curve  for  copper  referred  to,  it  seems 
to  be  practically  a  straight  and  nearly  horizontal  line,  and  changes 
suddenly  as  the  current  is  increased,  whereas  the  diagram  for 
the  other  fuse,  curves  through  a  considerable  range.  This  seems 
to  show  very  clearly  that  the  use  of  copper  for  fuses  is  advanta- 
geous. It  will  be  observed  that  Mr.  Stanley's  method  of  putting 
flie  fuse  in  sand,  is  in  line  with  that  previously  mentioned  of 
winding  copper  wire  around  a  block  of  wood,  as  considerable 
length  is  obtained  in  that  way  and  the  wire  is  also  protected  from 
radiation  of  heat,  with  the  additional  advantage  that  it  is  non- 
arcing.  The  principle  appears  to  be  well  established  that  the 
part  of  the  fuse  which  it  is  expected  will  blow,  should  be  pro- 
tected from  radiation  and  contact  with  materials  that  will  carry 
away  the  heat  rapidly.  Just  before  a  copper  wire  fuse  blows,  the 
fused  metal  gathers  in  drops  with  smaller  connecting  necks  so  as 
to  look  like  beads  on  a  string,  and  this  action  probably  continues 
until  the  fuse  is  disrupted  explosively. 

Mr.  J.  W.  Howell: — I  do  not  know  whether  it  is  mentioned 
here  or  not,  but  one  of  the  advantages  of  the  copper  fuse  would 
be  its  rapid  and  known  increase  in  resistance  for  temperature  in 
which  an  alloy  would  be  apt  to  be  variable.  I  tried  the  experi- 
ment once  of  connecting  a  small  piece  of  thin  copper  Avire  and 
German  silver  wire  both  the  same  size  in  series,  and  passing  cur- 
rents through  them.  With  small  currents  the  German  silver 
Mrire  would  get  much  hotter  than  the  copper,  but  as  the  current 
was  increased,  the  increasing  resistance  of  the  copper  made  it  very 
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much  hotter  and  it  fused  first,  although  the  German  silver  was 
very  much  hotter  at  the  start. 

Mr,  Kennelly  : — The  question  of  copper  versus  alloy  is  a 
very  interesting  one,  but  simply  bears  out  the  importance  of 
defining  what  a  fuse  is  intended  to  do,  and  the  limiting  range  of 
overload  at  which  it  is  intended  to  melt.  In  some  cases  when  a 
fuse  is  inserted  to  protect  a  circuit  of  given  normal  maximum 
current  strength,  the  fuse  should  not  melt  unless  three  times  that 
current  strength  passes  through  it.  In  other  cases  the  fuse  should 
melt  when  the  current  strength  reaches  twenty-five  per  cent, 
above  the  normal.  The  fuses  which  will  meet  these  two  distinct 
requirements,  are  necessarily  different. 

Lead  alloy  fuses  can  be  made  which  will  melt  at,  or  even  below, 
the  temperature  of  100°  C.  Consequently,  under  definite  con- 
ditions, such  fuses  may  readily  be  made  sensitive  in  regard  to 
action  at  excess  of  current,  for  their  normal  working  temperatures 
will  be  but  little  in  excess  of  the  temperature  of  the  air. 

Copper  wire  fuses,  on  the  other  hand,  melt  at  say  1050°  C, 
whicn  is  a  comparatively  high  temperature.  Even  granting  the 
existence  of  a  larger  temperature  coefficient  of  resistivity,  the 
wire  will  have  to  be  maintained  at  a  comparatively  high  temper- 
ature, by  the  normal  current  strength,  if  it  is  required  to  melt  at 
a  small  overload.  In  point  of  fact  the  temperature  coefficient 
of  copper  does  not  seem  to  differ  greatly  near  red  heat  from  its 
value  at  the  boiling  point  of  water,  and  in  some  cases  it  would 
be  necessary  to  keep  the  wire  at  500°  C,  or  about  red  heat  under 
working  currents  in  order  to  effect  fusion  at  a  comparatively 
small  excess  of  current. 

When,  however,  a  large  range  of  current  excess  can  be  per- 
mitted, the  advantage  of  copper  in  the  directions  pointed  out  by 
the  Chairman  and  by  Dr.  Emery,  are,  of  course,  undeniable. 

The  Chairman  : — There  is  this  to  be  said,  however,  that  cop- 
per for  a  given  resistance  has  a  much  smaller  surface  than  any 
alloy  of  that  sort;  consequently  its  temperature  might  be  higher, 
and  still  the  waste  of  energy  might  be  the  same  on  account  of  its 
smaller  radiating  and  converting  surface.  These  alloys  have 
rather  a  high  specific  resistance.  Copper  has  a  minimum  speci- 
fic resistance  and  would  have  the  minimum  surface.  That,  I 
think,  would  make  up  for  considerable  difference  in  temperature. 
It  has  also  been  pointed  out  that  since  copper  has  a  very  high 
temperature  of  fusion,  the  danger  of  setting  wire  to  adjacent  bod- 
ies is  much  greater  when  it  does  melt,  fiut  the  low  melting 
point  alloys  produce  an  arc  when  they  blow,  and  furthermore 
any  fuse  should  be  wound. 

Mr.  Howell  : — Mr.  Chairman,  in  practice,  what  fuses  are 
called  upon  to  go  at  a  slight  increase  of  current  over  their  nor- 
mal working  current  ? 

The  Chairman  : — There  are  two  classes  of  fuses,  but  if  I  were 
asked  to  give  examples  of  fuses  that  are  called  upon  to  yield  at 
a  certain  definite  current,  I  would  be  puzzled  to  name  them. 
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Mr.  Kennelly  : — What  I  had  in  my  mind  was  this :  When 
you  are  working  a  motor,  for  example,  there  is  a  certain  total 
amount  of  current  that  the  machine  will  stand  without  injury, 
and  when  the  current  gets  to  that  value  you  want  a  fuse  that 
will  certainly  go.  Thig  limiting  current  strength  may  be  two  or 
three  times  the  normal  full  load  current  strength.  For  such 
purposes  a  copper  wire  fuse  may  be  suitable.  But  when  you 
nave  a  wire  as,  for  example,  a  buried  conductor  with  a  sensitive 
insulating  cover  connected  with  a  definite  load  of  so  many  lamps 
for  example,  a  comparatively  small  amount  of  current  above  the 
normal  amount  will  heat  that  wire  considerably,  enough  perhaps 
to  damage  the  insulation,  and  you  cannot  afford  to  allow  in  such 
cases  a  very  great  range  of  current  above  the  normal.  There  is 
a  certain  class  of  apparatus  where  you  cannot  allow  very  much 
range  above  the  normal  current,  in  telephony  you  have  to  put 
a  delicate  fuse  in,  arranged  so  as  to  just  carry  the  normal  current 
quite  safely,  but  which  with  a  little  above  that  normal  current  will 
break.  In  such  cases  it  seems  to  me  a  copper  fuse  is  unsuitable 
owing  to  the  necessity  for  operating  it  at  a  comparatively  very 
high  temperature  under  normal  conditions. 

Dr.  F.  B.  Crocker  : — (Vice-President  Hamblet  in  the  Chair.) 
As  I  seem  to  be  taking  the  position  of  a  debater  rather  than  a 
presiding  officer,  I  will  ask  Vice-President  Hamblet  to  take  the 
Chair  because  I  cannot  agree  with  Mr.  Kennelly,  and  that  would 
not  be  proper  in  a  presiding  officer.  I  fail  in  the  first  place  to 
see  any  difference  between  a  dynamo  and  a  motor  in  that  respect. 
Furthermore,  I  think  that  we  are  laboring  under  some  misunder- 
standing in  regard  to  what  we  mean  in  regard  to  overload.  If 
we  mean  that  the  fuse  will  stand  25  per  cent,  increase  for  a  few 
seconds,  that  is  one  question.  If  we  mean  that  it  shall  not  stand 
25  per  cent,  increase  for  any  appreciable  time,  that  is  another 
question.  In  other  words,  I  understand  Prof.  Stine  to  mean 
when  he  speaks  of  inertia,  that  it  takes  an  appreciable  time  for  a 
fuse  to  give  way  even  with  an  excessive  current.  Now  I  think 
that  is  a  very  desirable  nuality  in  a  fuse — up  to  reasonable  limits, 
of  course.  The  motor,  m  that  respect,  is  exactly  like  the  fuse — 
in  fact  it  is  superior  to  the  fuse.  It  will  stand  its  overload  for  a 
greater  length  of  time  than  the  fuse  will.  The  motor  has  a  great 
capacity  for  heat  since  it  ^contains  a  large  weight  of  metal,  but, 
of  course,  sparking  is  instantaneous  in  its  effect ;  as  soon  as  the  ex- 
cessive current  occurs,  if  it  be  a  direct  current  motor,  it  begins 
to  spark.  But  it  will  stand  that  sparking  a  reasonable  time  with- 
out injury.  I  mean  by  reasonable  time  a  few  seconds.  It  will 
stand  an  excessive  current  for  a  few  seconds  without  permanent 
injury,  and  that,  of  course,  is  the  question  which  we  are  consid- 
ering. So  it  seems  to  me  that  the  fuse  ought  to  coincide  in  its 
qualities  and  in  its  action  with  that  whicli  it  is  protecting,  what- 
ever that  may  be,  and  if  this  motor  or  whatever  the  device  may 
be  lias  a  certain  capacity  for  heat,  and  will  stand  this  excessive 
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current  for  a  few  seconds  without  injury,  the  fuse  should  stand 
it  also,  for  it  certainly  is  very  inconvenient  to  have  fuses  give 
way  with  25  or  even  50  per  cent,  increase  in  current  if  that  in- 
crease of  current  is  momentary,  because  it  has  not  injured  the 
motor  and  there  is  no  reason  why  it  is  an  advantage  to  have  tlie 
fuse  blow.  On  the  other  hand  I  can  see  a  great  many  advan- 
tages in  not  having  it  blow,  provided  the  excessive  current  is  only 
momentary.  So  I  think  that  the  quality  of  inertia  is  just  what  a 
fuse  should  possess  in  most  cases,  and  I  agree  with  Mr.  Howell 
that  it  is  difficult  to  think  of  any  case  where  we  do  not  want  that 
inertia,  because  all  the  apparatus  which  we  use,  has,  if  anything, 
more  inertia  than  the  fuse.  I  can  think  of  only  one  exception 
to  that,  and  that  is  the  Cardew  voltmeter.  I  have  been  trying  to 
think  of  a  possible  example  tuince  Mr.  Howell  asked  that  ques- 
tion. In  that  instrument  we  have  a  hot  wire,  but  we  don't  want 
to  have  it  get  too  hot,  and  it  will  only  stand  a  definite  current 
without  permanent  injury.  It  has  practically  no  heat  "  inertia," 
and  the  little  fuse  which  it  has  should  go  at  a  definite  current, 
and  should  not  allow  any  increase  above  a  definite  figure.  But 
that  is  the  only  example  that  I  can  think  of  where  a  fuse  should 
not  have  inertia  because  it  is  the  only  case  where  the  appar- 
atus which  it  protects  has  no  inertia.  In  any  case  the  luse 
should  agree  with  that  which  it  protects. 

Dr.  Emeky  : — We  all  like  to  keep  in  view  some  simple  rule 
based  on  experimental  investigations,  and  in  looking  at  the  curves 
on  page  555,  Fig.  5,  a  very  interesting  relation  is  developed  as  to 
the  proper  size  of  copper  wire  to  act  as  a  fuse  with  definite 
Amounts  of  current,  it  will  be  seen  that  approximately  the 
amperes  at  the  time  the  fuse  blows  are  very  nearly  the  same  as 
the  diameter  of  the  wire  in  mils,  showing  that  the  resistance  to 
fusion  is  proportioned  to  the  radiating  surface,  as  seems  natural, 
and  this  is  proportioned  to  the  diameter.  This  simple  rule  may 
only  apply  to.  very  small  wires,  as  evidently  the  fuse  used  for 
railway  motors  above  referred  to,  would  not  carry  sufficient  cur- 
rent if  the  rule  applied  to  wires  as  large  as  those  mentioned. 

Mr.  Stanley  : — I  might  add  just  one  word — it  is  this :  That 
the  use  of  sand  in  a  tube  containing  a  fuse  wire,  prevents  arcing 
from  the  vapor  of  the  metal.  We  are  accustomed  to  put  out  an 
arc  by  blowing  upon  it  and  thus  shattering  it.  In  the  case  of 
the  nise  surrounded  by  sand,  the  expansion  of  the  gases  due  to 
the  evaporation  of  the  metal  takes  place  through  the  spaces  lying 
between  the  adjacent  grains  of  sand,  and  the  gases  are  shot 
through  the  sand  and  scattered  in  very  much  the  same  way  as  by 
blowing  a  breath  of  air  across  an  arc.  I  have  seen  a  fuse  enclosed 
in  sand  which  broke  in  carrying,  I  think,  about  25  amperes  at 
4,000  volts,  and  which  was  not  more  than  three  or  four  inches  in 
length. 

[Adjourned.] 
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Discussion  at  Chicago,  October  23,  1895. 

Mr.  a.  V.  Abbott  : — The  paper  that  we  have  just  listened  to 
appears  to  me  one  of  the  most  valuable  contribntions  to  the 
literature  of  "  fuse  wire,"  as  it  contains  the  first  (so  far  as  I  am 
aware)  attempt  to  make  an  accurate,  comprehensive  and  system- 
atic study  of  the  behavior  of  fuse  wires,  with  apparatus  and  in- 
vestigators who  were  fully  competent  to  the  task  undertaken, 
and  I  for  one  am  exceedingly  indebted  to  Professor  Stine  for  the 
information  thus  placed  before  us.  There  is  one  point,  however, 
upon  which  I  am  not  quite  clear.  In  the  circuit  described  by 
Professor  Stine,  and  in  the  records  of  experiments,  I  do  not  dis- 
cover whether  any  allowance  has  been  made  for  the  time  con- 
stants of  the  relays  used  for  determining  the  minute  intervals  of 
time  under  consideration.  It  has  been  shown  that  intervals  of 
time  as  small  as  j-^Vff  ^^  *  second  are  involved,  and  it  appears  to 
me  quite  probable  that  the  time  constant  of  the  induction  coil 
used  would  be  of  suflScicnt  magnitude  to  introduce  considerable 
error  when  applied  to- the  measurement  of  time  intervals  as  short 
as  .001  of  a  second. 

It  is  possible  that  no  better  means  could  be  devised,  or  those 
which  would  be  more  accurate,  but  in  consideration  of  results  so 
carefully  worked  up,  it  appears  that  the  time  constant  of  the  re- 
lay or  induction  coU  might  introduce  a  serious  error  in  the  results, 
and  my  question  is  therefore  only  as  to  whether  any  allowance 
was  made  for  the  possible  introduction  of  errors  of  tnis  descrip- 
tion. 

Prof.  Stine  : — We  have  considered  this  point  verv  carefully, 
but  if  you  will  note  the  connections,  it  is  evident  that  the  cur- 
rents actuating  the  relays  have  at  all  times  such  small  values  that 
this  error  is  negligible. 

Mr.  Abbott  : — Does  not  the  relay  require  a  sensible  time  to 
impress  its  record  upon  the  paper  after  the  actual  depression  of 
the  key  exciting  the  relay  or  the  closing  of  the  relay  circuit,  and 
is  not  this  time  a  sensible  fraction  of  the  time  which  the  relay  is 
supposed  to  measure  and  record  ? 

Prof.  Stine  : — There  is  undoubtedly  a  time  lag  in  the  action 
of  the  relays.  Those  were  adjusted  to  as  short  ran^  of  armature 
movement  as  possible.  The  actual  value  of  the  time  lag  was  of 
no  consequence,  providing  the  relays  were  adjusted  to  equal  time 
lag.  This  adjustment  was  made  as  accurately  as  possible,  thus 
rendering  the  relative  time  intervals  extremely  accurate.  The 
time  intervals  were  those  showing  the  actual  time  of  the  throw 
of  the  switch  and  the  blowing  of  the  fuse. 

Mr.  Abbott  : — A  still  more  important  point  is  the  bearing  of 
the  length  of  the  fuse  upon  the  disrupting  current.  I  am  not 
quite  clear  as  to  whether  the  experiments  described  indicate  that 
after  a  certain  length  of  fuse  is  reached,  little  or  no  variation  in 
carrying  capacity  is  observed.     The   disruption  in  the  fuse  is 
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caused  by  raising  the  temperature  of  the  metal  composing  it,  to 
such  a  point  as  will  melt  it.  The  necessary  heat  is  obtained  from 
the  energy  developed  in  the  fuse  by  the  current.  In  any  given 
time,  the  amount  of  heat  contributed  to  the  fuse  is  proportional 
to  the  square  of  the  current  and  the  resistance  of  the  fuse  wire. 
There  are  three  causes  of  dissipation  of  heat : 

First:  Radiation  which  is  due  to  the  amount  of  radiating  sur- 
face presented  by  the  fuse  wire. 

Second :  The  heat  lost  by  conduction  to  the  terminals  of  the 
fuse,  and  there  dissipated. 

Third:  The  amount  of  heat  absorbed  in  raising  the  tempera- 
ture of  the  fuse  wire  and  in  melting  it. 

I  have  always  had  the  idea  that  if  the  length  of  fuse  was  so 
great  that  the  amount  of  heat  lost  by  conduction  to  terminals 
was  an  insensible  fraction  of  the  heat  delivered  to  the  fuse  by 
the  current,  no  further  increase  of  length  would  vary  the  carry- 
ing capacity  of  the  fuse.  In  examining  the  curves  illustrating 
the  paper,  it  appeared  that  these  curves  indicated  an  approach  to 
this  condition,  but  from  the  fact  that  the  lines  did  not  become 
parallel  to  the  axis,  indicated  that  this  principle  was  not  carried 
out  to  such  an  extent  as  I  had  previously  imagined  to  be  the  case. 

Now,  one  other  point :  Are  there  any  curves  which  went  into 
that  point  particularly?  That  is  to  say,  the  ratio  of  the  length 
of  the  fuse  to  its  carrying  capacity  and  the  time  ? 

Prof.  Stine  : — Such  a  curve  was  platted,  and  an  approximate 
equation  derived  therefrom.  Further  investigations  seemed  de- 
sirable, and  for  this  reason  it  has  been  withheld.  We  hope  to 
give  our  results  in  an  early  communication. 

Mb.  Abbott  : — I  have  always  felt  that  the  emphasis  of  experi- 
mental evidence  should  be  directed  to  convincing  the  people  of 
the  advisability  of  using  long  fuse  blocks,  thereby  contributing 
to  the  reliability  of  such  protecting  devices.  I  would  also  like 
to  ask  why  it  was  that  no  experiments  were  carried  on  for  higher 
currents  than  those  which  are  shown.  A  greater  proportion  of 
the  work  seems  to  have  dealt  with  currents  of  40  amperes  or 
under,  while  there  are  only  one  or  two  instances  of  the  employ- 
ment of  60  or  80  amperes.  It  would  be  interesting  to  know 
something  of  the  value  of  the  length  of  the  fuse  in  its  relation 
to  currents  of  considerable  magnitude,  such  as  would  be  found 
upon  our  larger  street  railway  circuits,  and  also  the  effect  of  al- 
ternating currents. 

Mr.  Ludwig  Gutmann  : — I  would  like  to  know  from  Prof. 
Stine  whether  other  experiments  were  made  showing  the  proper 
rating  under  heat  conduction.  Would  it  not  be  better  to  make 
fuses  of  such  lengths  that  they  could  be  rated  with  conduction 
present,  and  thus  raise  their  sensitiveness  ?  If  the  same  fuse 
may  be  rated  higher  when  covered,  would  not  this  be  better  ? 

Prof.  Stine  : — I  think  that  this  point  is  clearly  emphasized  in 
paper.     We  have  advised  just  the  opposite  procedure.     It  is 
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difficult  to  rate  the  value  of  condition,  owing  to  variations  of 
contact  and  the  character  of  the  contact  surface.  It  seems  better 
to  use  a  fuse  under  such  conditions  that  its  blowing  point  shall 
be  normally  that  of  the  fuse  itself. 

Mr.  Abbott  : — Prof.  Stine  shows  that  in  all  cases  there  is  an 
apparent  interval  of  one  or  two  seconds  in  all  fuses,  no  matter 
what  the  current  is  before  the  fuse  ruptures. 

It  appears  from  these  experiments  tnat  no  matter  what  the  size 
of  the  luse,  or  how  large  the  current,  there  is  an  appreciable  in- 
terval of  time  in  which  the  smallest  fuse  might  carry  almost  an 
infinite  current. 

Prof.  Stine: — I  think  the  maximum  current  employed  was 
110  amperes.  The  time  lag  was  f^^  of  a  second  for  everything 
above  40  amperes,  and  for  three  ampere  fuses  the  time  lag  was 
-jiA^  of  a  second. 

Mr.  Abbott  : — From  the  care  exercised  in  the  experiments 
and  the  reliability  of  the  apparatus  used,  it  appears  that  we  can 
certainly  trust  the  time  readings  to  .001  of  a  second,  or  there- 
abouts. 

The  experiments  show  that  there  is  a  sensible  interval  of  time 
amounting  to  from  one  to  three  seconds,  during  which  the  fuse 
does  not  foil,  no  matter  how  large  the  current  is  to  which  it  is 
exposed.  It  would  be  interestmg  to  know  to  what  extent  this 
increase  of  current  for  the  first  lew  intervals  of  time  could  be 
carried.  It  seems  quit«  certain  that  if  a  small  fuse  were  exposed 
to  a  large  current  of  some  thousands  of  amperes,  an  enormous 
amount  of  heat  would  be  given  to  the  fuse,  and  it  is  a  pertinent 
question  as  to  what  becomes  of  this  heat,  and  why  it  is  that  the 
fuse  does  not  fail  more  promptly. 

Mr.  Louis  Privat  : — When  an  arc  occurred  on  blowing  the 
fuse,  did  you  note  whether  the  arc  was  sustained  ? 

Prof.  Stine  : — We  photographed  an  arc  in  a  number  of  cases. 
Would  that  answer  your  question  ? 

Mr.  Privat  : — Yes,  partially.  What  I  wished  to  get  at  was 
the  destructive  character  of  the  arc.  What  is  sufficient  to  cause 
a  fire  risk  ? 

Prof.  Stine  : — That  is  a  question  we  did  not  investigate, 
since  we  found  the  rupture  of  fuse  to  be  quite  uniform.  One 
can  scarcely  speak  of  a  sustained  arc  in  the  rupture  of  the  fuse 
wire  itself.  The  arc  occurs  only  when  the  rmmals  of  the  fuse- 
block  are  too  near  together. 
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LOCAL  ANNEALING  OF  HARD-FACED  ARMOR 

PLATES. 


A  meeting  of  the  Western  members  was  held  in  room  178T 
Monadnoek  Sioek.  Mr.  C.  C.  Haskins  was  elected  chairman  for 
the  evening.  The  paper  by  Mr.  Lemp  (see  page  629)  was  read 
by  Mr.  George  Cutter,  in  the  absence  of  the  author.  Following 
the  discussion,  a  paper  on  "  The  Rating  and  Behavior  of  Fuse 
Wires,"  (see  page  546),  was  read  by  the  author,  Professor  W.  M. 
Stine. 


Discussion  at  Chicago,  October  23,  1895. 

Me.  Akthur  V.  Abbott  : — The  subject  of  annealing  armor 
plates,  as  presented  this  evening,  I  think  opens  quite  a  broad 
neld  in  the  special  use  of  local  heating  by  means  of  electric  cur- 
rent. While  the  paiticular  application  here  instanced,  that  of 
annealing  armor  plates,  is  prooably  one  which  would  be  more 
useful  to  the  various  governments  of  the  world  than  to  commer- 
cial enterprises,  yet  the  application  of  this  method  of  local  an- 
nealing will  be  advantageous  to  all  who  deal  with  surfaces  of 
iron  and  steel.  For  example,  I  have  known  of  instances  where 
unequal  chilling  of  the  ring  forming  the  tires  for  locomotive 
wheels  has  resulted  in  loss  of  the  forging,  owing  to  there  being 
no  means  of  locally  changing  the  hardness  of  the  metal  at  the 
chilled  points.  If  by  some  means,  such  as  the  method  set  forth 
in  the  paper  this  evening,  we  can  effect  local  annealing  without 
injuring  the  rest  of  the  material,  or  changing  its  characteristics,, 
it  appears  that  the  process  could  obtain  an  extensive  application 
in  the  various  branches  of  steel  manufacture.  Such  a  process 
would  seem  to  be  particularly  advantageous  in  the  manufacturing 
of  steel  rolls  and  other  forms  of  steel  castings. 

Mr.  Samuel  Rod^laj^,  Jr.  : — The  paper  which  has  just  been 
read  is  particularly  interesting  and  instructive.  I  do  not  know 
that  I  nave  much  to  add  to  what  Mr.  Abbott  has  said  on  the 
subject  except  in  regard  to  one  point,  and  that  is  in  using  this 
annealing  process,  we  must  confine  ourselves  to  tliose  materials 
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which  have  a  fugitive  temper.  In  the  ease  of  certain  materials, 
such  as  chilled  iron,  the  hardness  is  permanent,  a  characteristic 
brought  about  by  the  sudden  cooling  of  the  molten  metal  as  it 
comes  in  contact  with  the  chill  molds  in  which  it  is  cast.  If  the 
rolls  be  made  of  steel,  I  should  think,  as  Mr.  Abbott  suggests, 
that  the  electrical  annealing  process  would  be  very  valuable  in 
rendering  uniform  the  haraness  in  various  portions,  but  the 
metal  known  as  "gun  metal"  (which,  chilled,  is  used  in  Germany, 
and  probably  will  be  in  this  countrv,  for  sesrcoast  fortifications, 
weignt  not  entering  as  much  of  a  factor  as  it  does  in  the  armor 
of  war-vessels),  would  not  be  susceptible  to  this  annealing 
process. 

One  other  feature  in  this  paper  to-night  has  attracted  my  at- 
tention, viz.,  the  applicability  of  this  process  to  the  construction 
of  burglar-proof  safes,  a  business  with  which  I  am  somewhat 
familiar,  though  more  in  the  sense  of  destruction  than  of  con- 
struction. 

Ordinary  or  laminated  safes  as  usually  constructed  are  made 
of  plates  of  steel  bolted  together.  The  structure  is  first  set  up 
when  the  plates  are  soft  and  the  bolt  holes  made,  always  a  little 
larger  than  the  bolts  which  are  to  be  put  into  them.  This  is 
necessary  in  order  to  allow  for  certain  warping  and  twisting  in 
the  plates  which  invariably  takes  place  in  the  tempering  process. 
The  structure  is  then  taken  apart  and  the  plates  tenapered,  and 
finally  put  together  making  the  finished  article.  The  result, 
owing  to  the  necessarily  uneven  warping  and  twisting,  is  a  very 
ricketty  and  unreliable  affair,  and  I  should  think  the  process 
described  in  the  paper  to-night  would  be  very  valuable  in  con- 
nection with  such  structures,  S  it  can  be  applied  to  approximate- 
ly thin  plates,  say  one-half  inch  or  one  inch,  of  hardened  steel. 

Mr.  Abbott  : — I  referred  to  the  use  of  rolls  made  of  steel 
castings.     The  use  of  the  chilled  iron  roll  is  disappearing. 

Iron  rolls  are  valuable  as  having  a  surface  hardness  which  is 
not  obtained  perhaps  in  any  other  metal.  On  the  other  hand, 
they  lack  the  wearing  quality  and  the  strength  of  those  made 
from  steel.  The  makers  of  steel  castine^s  have  experienced  great 
difficulty  in  obtaining  the  necessary  uniformity.  It  is  very  diffi- 
cult to  pour  a  large  steel  casting  which  can  be  machined  all  over 
without  discovering  hard  or  soft  spots.  When  the  surface  of 
the  metal  is  unequally  hard,  uniformity  in  machine  work  cannot 
be  attained,  as  the  tool  will  cut  more  deeply  in  the  soft  spots  and 
less  in  the  hard  ones.  Thus,  not  unfrequently,  castings  are  lost, 
from  the  impracticability  to  machine  them  with  sufficient  accur- 
acy. It  appears  to  me  that  such  cases  could  be  treated  by  local 
annealing. 
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BRADLEY  ON  PHASING  TRANSFORMERS. 

Discussion  at  Chicago,  Sept.  25th,  1895. 
[See  pp.  505  and  518  ante.] 

Mr.  a.  v.  Abbott  : — The  subject  this  eveDing  is  of  great 
interest,  especially  to  those  who  are  particularly  interested  in  the 
electrical  transmission  of  energy.  Wlien  the  continuous  current 
first  came  into  use  we  thought  the  problem  was  solved,  but  pres- 
ently we  found  that  the  transmission  was  limited,  owing  to  the 
fact  that  we  could  not  build  generators  and  motors  to  carry  suffi- 
ciently high  voltages  to  make  the  cost  of  conductors  come  within 
commercial  limitations,  resulting  in  the  development  of  the  altei^ 
nating  system.  But  presently  it  was  found  that  the  plain  alter- 
nating system  was  practically  confined,  in  its  usefulness,  to 
lighting  work,  as  power  distribution  was  not  altogether  a  success. 
The  polyphase  system  was  then  considered,  and  it  was  found  that 
it  was  impracticable  to  give  consumers  all  the  power  they  needed 
on  variable  loads,  and  since  then  there  has  been  a  constant  effort 
to  find  something  that  would  combine  the  advantages  of  all  the 
systems.  If  it  shall  ever  be  found  practical  to  obtain  a  trans- 
former which  shall  give  us  different  phases  from  the  same  gen- 
erator, there  will  be  little  more  to  be  asked. 

Mb.  Fred.  S.  Hunting  : — It  seems  to  me  that  this  is  a  most 
novel  invention,  and  one  which  bids  fair  to  be  of  great  practical 
importance  and  to  show  excellent  results.  Every  engineer  knows 
that  to-day  there  is  very  much  more  money  invested  in  single- 
phase  high  period  apparatus  in  central  stations  in  this  country 
than  in  any  other  incandescent  lighting  apparatus.  Most,  if  not 
all  of  it,  is  very  well  adapted  for  incandescent  lighting,  and  thus 
far  serves  its  purpose,  but  it  would  be  a  great  financial  loss  if 
these  systems  were  to  be  displaced  by  a  polyphase  system  capable 
of  operating  both  lights  and  motors.  Many  stations  could  in- 
crease their  earning  capacity  50  per  cent,  or  more,  if  they  could 
furnish  and  operate  motors  from  their  present  machines,  and  that 
without  increasing  probably  anything  but  the  fuel  expense.     In 

578 


Digitized  by 


Google 


DISCUSSION  IN  CHICAGO.  579 

view  of  the  enormous  investment  in  single-phase  plants,  it  is  al- 
most imperative  that  we  should  have  reliable  and  efficient  motors 
for  that  system  which  will  start  with  a  powerful  torque.  Many 
of  us  have  worked  at  this  |>roblem,  and  I  am  pleased  to  note  the 
success  Mr.  Bradley  has  met  with  in  this  dircciion,  and  that  it  is 
not  a  mere  paper  and  pencil  or  mathematical  success.  There  is 
no  simpler,  more  reliable  (if  well  built)  or  efficient  motor  than 
the  polyphase  motor,  and  tlie  combination  of  this  motor  with  the 
existing  single-phase  systems  is,  indeed,  a  most  fortunate  inven- 
tion. The  invention  of  a  successful  and  practical  phat^e  splitting 
or  phasing,  transformer  at  once  puts  the  smgle  phase  system  on  an 
even  or  more  than  even  footing,  because  of  its  simplicity,  with 
the  polyphase .  system  for  the  distribution  of  botn  light  and 
power.  With  a  phasing  transformer  it  is  at  once  possible  to  ob- 
tain from  the  single-phase  systems  any  number  of  phase  currents 
that  may  be  required  by  any  motor.  The  constancy  of  the 
phase  difference  m  the  currents  delivered  by  this  transformer  is, 
of  course,  vital  to  its  practical  utility,  and  the  motor,  no  doubt, 
helps  to  steady  the  phases.  It  is  interesting  to  note  how  per- 
fectly steady  this  phase  difference  is  in  the  transformer  described. 
Any  one  who  has  stopped  to  study  the  induction  motor  will  real- 
ize, and  if  he  has  built  then),  will  realize  still  more,  how  difficult 
it  is,  especially  in  the  smaller  sizes,  to  keep  the  magnetizing  or 
idle  current  in  them  down.  With  a  large  number  of  small  mo- 
tors, which  would  be  what  many  plants  would  have,-  the  idle  cur- 
rent would  become  a  serious  question.  In  this  transformer  it  is 
possible  to  have  the  condenser  serve  the  double  purpose  of  assist- 
ing in  the  phase  changing,  and  in  largely  eliminating  the  idle 
currents.  It  is,  it  seems  to  me,  very  fortunate  that  witn  this  con- 
struction you  have  a  leading  current  at  full  load,  and  a  lagging 
current  at  no  load,  because  it  brings  the  point  of  either  lag  or 
load  more  nearly  the  average  working  load  point  of  the  motor. 
I  have  no  doubt  if  desirable,  that  the  full  load  current  could,  by 
proper  proportioning  of  the  apparatus,  be  caused  to  lead  more 
yet.  I  regret  that  Mr.  Bradley  iias  not  given  us  some  actual  fig- 
ures in  the  way  of  an  actual  test,  but  this,  no  doubt,  we  may  look 
for  later.  Condensers  are  destined,  I  believe,  to  come  into  very 
general  use  in  connection  with  induction  motors  in  order  to  take 
care  of  idle  currents.  A  cheap,  compact  and  reliable  condenser 
will  be  the  first  requisite ;  and  it  certainly  seems,  from  Mr.  Brad- 
ley's paper,  that  he  has  succeeded  in  building  one  that  should  be 
very  reliable  and  is  very  compact.  I  hope  that  at  some  time  in 
the  near  future  we  may  learn  more  about  this  condenser.  The 
compactness  will  depend  upon  the  e.  m.  f.  that  it  can  be  worked 
on  and  be  reliable,  being  more  compact  as  the  voltage  used  be- 
comes higher.  It  is  certainly  an  advantage  both  as  regards  the 
condenser  and  the  motor,  to  be  able  to  locate  the  condenser  on 
the  primary  and  use  a  comparatively  low  voltage  on  the  motor. 
I  am  glad  that  we  have  an  opportunity  to  see  the  motor  in  actual 


Digitized  by 


Google 


580  BBADLB7  ON  PHASING  THANSFORMERS,       [Sept  35, 

service,  and  that  Mr.  Bradley  has  seen  fit  to  so  demonstrate  what 
the  apparatus  will  do,  insteaa  of  resorting  to  numberless  mathe- 
matical equations.  If  Mr.  Bradley  will  next  give  us  a  period 
changing  transformer  without  moving  parts,  I  am  sure  his  plans 
for  long  distance  or  short  distance  railroad  work  for  that  matter 
would  take  on  a  genuine  Western  boom. 

Mr.  Abbott  : — To  what  extent  would  the  condenser  be  affected 
by  lightning?  While  condensers  can  be  made  solid  pieces  of  ap- 
paratus, they  become  exceedingly  expensive  ones  when  made  ta 
stand  very  high  voltage.  Condensers  will  be  frequently  sub- 
jected to  atmospheric  changes  from  which  lightning  arresters 
would  not  protect  them,  it  is  practically  impossible  to  use  a 
liquid  condenser  on  the  primary. 

Mb.  W.  S.  Hulse: — Oil  condensers  have  been  tried,  but  up 
to  the  present  time  their  results  have  not  been  altogether  satisfac- 
tory. The  effect  of  lightning,  should  it  enter  the  transformer, 
would  probably  be  to  bum  out  the  condenser  or  coils,  and,  per- 
haps both ;  placing  it,  in  this  respect,  on  a  par  with  any  trans- 
former. However,  for  lack  of  experience  which  can  only  be 
obtained  from  the  every  day  operation  of  the  system,  I  can  not 
tell  what  precautions  would  be  taken  to  modify  this  danger 
should  the  ordinary  means  fail. 

Prop.  Stine: — Of  course,  the  whole  question  of  any  form  of 
distribution  of  this  kind  comes  to  the  total  cost.  Here  is  an  ap- 
paratus which  is  somewhat  more  complicated  than  we  are  accus- 
tomed to  employ.  The  question  arises  as  to  what  the  cost  of  the 
same  will  be,  and  what  the  (lOst  of  its  idle  load  will  be.  During 
the  time  that  the  combiued  system  is  in  service,  would  it  take 
more  watts  than  the  ordinary  system?  Is  its  cost  likely  to  be 
greater  than  the  cost  of  other  systems  which  reauire  perhaps  a 
larger  amount  of  copper  in  the  line,  owing  to  the  necessity  of 
more  wires  or  other  tnings  of  that  sort,  and  will  it  be  likely  to  be 
a  question  of  serious  moment  ?  Are  there  any  facts  bearing  upon 
this  point  ?  The  magnetizing  current  or  the  current  which  the 
transformer  is  taking  from  the  line  when  the  motor  is  cut  off,  is 
very  small,  and  no  greater  than  that  of  an  ordinary  transformer 
of  its  capacity.  This  feature  indicates  a  close  similarity  to  any 
transformer  system  in  respect  to  no  load  currents.  As  described 
in  the  paper,  the  condenser  seems  to  keep  from  the  line  the  idle 
currents  found  in  the  motor,  and  thereby  gives  the  system  a  very 
high  power  factor.  This  feature  reduces  the  cost  of  the  line  to 
a  minimum,  as  compared  with  systems  where  the  idle  currents 
reach  them — where  they  can  only  be  provided  for  by  larger 
amount  of  copper  and,  therefore,  additional  cost.  A  glance  at 
the  motor  shows  that  it  is  very  cheap  to  build.  I  suppose  that 
reference  is  made  to  the  first  cost  oi  transformer.  There  is  na 
reason  why  the  cost  cannot  be  brought  down  to  equal  that  of  two 
small  transformers  whose  added  capacity  will  equal  that  of  the 
motor  or  thereabout.     The  cost  of  the  condenser  will,  of  course,. 
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be  additional,  as  it  is  not  included  in  the  reference,  and  no  fig- 
ures can  be  given  on  it  at  present 

Mb.  Bion  J.  Arnold  :  —I  would  like  to  see  this  system  tried 
in  electrical  railway  work.  I  have  been  hoping  for  something 
of  the  kind  for  sometime,  and  now  we  have  reason  to  expect  a 
trial  of  it  some  time  in  the  near  future.  As  yet,  however,  we 
have  no  results  that  we  can  depend  upon.  It  is  not  yet  in  a  state 
that  would  warrant  any  railway  company  taking  hold  of  it.  The 
principal  objection  to  the  operation  of  this  system,  as  outlined 
nere,  for  electric  railway  work,  would  be  the  bringing  of  the 
high  voltage  current  in  immediate  contact  with  the  car.  The 
opposition  which  this  would  meet  with  from  all  sources,  in  carry- 
ing this  voltage  so  near  the  passengers  would  be  severe,  but  pos- 
sibly this  opposition  may  be  eliminated,  as  the  opposition  to  the 
practice  of  carrying  500  volts  has  been  overcome.  One  other 
objection  will  be  found,  owing  to  the  fact  that  an  induction  motor 
can  be  overloaded  and  stopped  easier  than  a  direct  current  motor, 
thus  making  it  necessary  to  carry  larger  motors  on  the  cars  in  or- 
der to  meet  the  maximum  demands  of  the  car,  and  if  we  are 
compelled  to  carry  a  larger  motor  we  must  work  it  below  its  ca- 
pacity, and  probably  at  an  inefficient  rate.  I  should  like  to  know 
more  regarding  the  efficiency  of  the  motor  at  various  loads. 

Mb.  Hulse  : — It  would  be  very  difficult  to  state  in  figures  the 
efficiency  of  such  a  system  before  the  apparatus  has  been  com- 
pleted in  its  various  sizes,  but  there  is  no  reason  why  it  should 
not  equal  that  obtained  from  any  well-designed  three-phase  motor 
under  load,  since  it  actually  operates  as  such.  In  multiphase  mo- 
tors, when  they  are  rated  from  one-half  to  three-fourths  their  ac- 
tual breaking  down  capacity,  it  is  quite  possible  to  establish  this 
point  on  its  various  characteristics,  so  that  the  motor  is  most  effi- 
cient there,  and  the  same  is  true  for  motors  on  this  system.  At 
light  loads  the  efficiency  should  compare  with  that  of  any  three- 
phase  motor  operating  from  a  three-phase  generator,  at  least 
there  is  no  evidence  to  the  contrary. 

Mb.  Abbotf: — The  question  of  efficiencv,  however,  would 
come  in  pretty  seriously.  There  is  no  donbt  but  that  the  in 
duction  motor  is  as  good,  on  the  whole,  in  that  direction  as  we 
could  have.  I  certainly  agree  with  Mr.  Arnold's  qaestion  as  to 
the  propriety  of  operating  trolley  lines  at  high  voltages,  and  that 
brings  up  the  question  wnether  or  not  it  would  be  practical  to 
xlivi^e  the  railway  lines  into  sections. 

Mb.  Hunting  : — On  any  line  it  would  be  necessary  to  use 
a  very  much  higher  e.  m.  p.  than  you  could  carry  on  your 
trolley,  even  1,000  volts,  and  we  might  even  raise  that,  after  a 
time,  to  2,000  volts.  The  feeder  lines  could  be  carried  on  at  any 
voltage  up  to  10,000  volts,  varying  with  the  length  of  the  line. 

Pbof.  8tinb  : — ^At  this  point  the  problem  assumes  a  phase  which 
seems  to  be  giving  the  railway  people  some  little  uneasiness. 

The  method  of  furnishing  power,  especially  for  freight  hand- 
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ling,  introduces  the  serious  problem  of  dividing  the  sections 
evenly.  The  railway  problem,  if  solved,  I  think  will  be  solved 
on  this  line.  Taking  up  Mr.  Hunting's  suggestion,  these  sections^ 
or  the  second  i)rimarie8,  would  occupy  long  stretches.  The  difli- 
cultjr  would  arise  from  the  distribution  of  the  train  loads.  I  rec- 
ognize in  this  a  means  of  using  high  primaries,  and  so  you  would 
have  vour  whole  equipment  complete.  You  would  have  no  idle 
transiorming  devices.  It  seems  that  in  the.  change  from  steam 
to  electricity,  the  capital  invested  in  idle  transformers  for  trains 
averaging  from  2,000  to  5,000  horse-power  would  be  saved.  I 
want  to  express  my  delight  at  seeing  this  arrangement  here  this 
evening.  I  wish  we  could  take  up  the  suggestion  of  a  period- 
splitter.  I  am  not  aware  of  any  method  known  to  physics  by 
which  you  could  split  the  period  of  a  single  phase,  i  on  can 
modify  the  system  so  that  you  can  change  the  period,  but  given 
a  single-phase  system,  there  seems  to  be  no  way  of  splitting  it. 
I  would  like  to  ask  Mr.  Uulse  about  this  transformer.  Most  sys- 
tems which  have  been  adopted  have  found  the  condenser  a  source 
of  weakness  and  expense  to  maintain,  and  have  introduced  a 
number  of  complications. 

Mb.  Hulse  : — The  condenser  occupies  a  space  of  a  cube  about 
four  inches  on  a  side,  or  about  64  cubic  inches,  including  case  and 
accessories.  It  was  pointed  out  in  the  paper  as  well  as  indicated 
by  the  curves,  that  tne  impressed  electro-motive  force  used  in  the 
tests  was  of  sine  form,  and  from  them  the  operation  of  trans- 
former and  motor  on  complex  wave  forms  could  not  be  predeter- 
mined. Since  the  writing  of  the  paper  the  transformer  and  mo- 
tor have  been  operated  very  successfully  on  the  Wood  alternator, 
which,  being  ironclad,  possesses  a  peaked  complex  wave  form^ 
It  has  been  running  beiore  you  under  load  on  a  current  supplied 
by  a  small  Westinghouse  machine,  and  I  think  its  successful  op- 
eration is  well  established.  In  no  case  has  it  been  found  neces- 
sary to  alter  the  adjustment  in  the  transformer. 

Mr.  Arnold  : — We  have  all  been  very  much  instructed  and 
interested  with  the  paper  read  here  to-night.  I  am  sure  that  I, 
for  one,  appreciate  it,  and  move  that  a  vote  of  thanks  be  extended 
to  Mr.  Bradley,  as  well  as  Messrs.  Hulse  and  Hunting,  for  the 
paper,  and  for  the  pains  they  have  taken  to  display  this  apparatus 
to  us. 

Mr.  L.  L.  Summers  : — I  wish  to  second  Mr.  Arnold's  motion, 
and  would  like  to  add  that  I  have  the  highest  admiration  for  the 
forms  of  motor  he  has  shown  us  this  evening. 

Mr.  Abbott: — Let  us  hope  that  these  experiments  will  be 
continued  in  the  near  future,  and  that  we  shall  shortly  have  the 

f)leasure  and  benefit  of  some  further  information  along  the  same 
ines. 

Mr.  Hulse  : — I  would  like  to  thank  Prof.  Stine  for  rendering 
us  his  valuable  assistance  in  setting  up  this  little  apparatus. 
[Adjourned.] 
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ENGINEERS. 


New  York,  November  20th,  1895. 

The  101st  meeting  of  the  Institute  was  held  this  date,  at 
12  West  3l8t  Street,  and  was  called  to  order  by  President  Dun- 
can at  8:05  p.  m. 

Mr.  W.  J.  Hammer,  Secretary  pro  tem,^  read  the  following 
names  of  associate  members  elected  and  transferred  at  the 
meeting  of  Council  in  the  afternoon. 
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Fribdlaendbr,  Euobnr  Electrician.  Carnegie  Steel  Co., 
Duquesne,  Pa. 

GoTT,  Clarrnce  p.  Chief  Engineer  and  Electrician 
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dence, 88  Washington  Place, 
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lain  Electric  Co.  Residence, 
805  E.  34th  St.New  York  City. 
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Dept.  The  Carnegie  Steel  Co., 
Munhall,  Pa. 
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Electrical  Engineer,  Westinghouse  Elec.  and  Mfg. 
Co.,  Pittsburg.  Pa. 

Master   Electrician,    Equipment    Dep't,   New  York 
Navy  Yard. 

Treasurer,  Mountain  Electric  Co..  Denver,  Col. 

Electrical  Engineer ,  General  Electric  Co.,  Schenec- 
Udy,  N.  Y. 

Electrical  Engineer,  Monadnock  Bld'g,  Chicago,  Dl. 

General  Inspector,  American  Telephone  and  Telegraph 
Co.,  New  York  City. 

Vice-President   and    General    Manager.   New  York 
Electric  Equipment  Co.,  New  York  City. 

O'Connell,  J.  J.,  Telephone  Engineer,  Chicago  Telephone  Co.,  Chicago,  111. 

Darlington,  Frederick  William,   Consulting  Electrical  and  Mechanical  En- 
gineer, Philadelphia,  Pa. 

Hbnsbaw,  Frederick  Valdem ar,  Electrical  Engineer.  Providence,  R.  I. 

Total.  10. 


Hartwell,  Arthur, 

Martin,  Julius, 

Stearns,  Joel  W.,  Jr  , 
OuDur,  Maurice 

Comstock,  Louis  K., 
Brown,  Edward  D., 

La  Roche,  Fred  A. 


The  President: — The  subject  this  eveninff,  gentlemen,  ifl 
"  Stor^e  Battery  Applications."  It  is  remembered,  of  course, 
that  this  is  a  discussion,  and  the  publication  of  remarks  made  is 
tinder  the  rules  which  govern  the  publication  of  discussions;  that 
is,  the  matter  is  to  be  gone  over  bv  the  Editing  Committee. 

Several  gentlemen  have  been  kmd  enough  to  send  preliminary 
reports  of  what  thev  are  going  to  say,  and  I  would  call  on  Mr. 
A.  E.  Childs  for  the  first  statement  to-night.  In  Mr.  Childs' 
bsence,  I  would  ask  Mr.  Wolcott  to  read  his  communication. 
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STORAGE  BATTERY  APPLICATIONS. 

(A  Topical  Discussion.) 


Communication  by  Arthor  E.  Childs  on  *'  The  Stobaob 
Battbry  for  Central  Stations." 

The  object  of  this  communication  is  to  bring  before  thelNSTrruTE 
the  main  facts  and  considerations  concerning  the  application  of  ac- 
cumulators in  electric  generating  stations  both  for  light  and 
power.  The  fact  that  storage  batteries  have  reached  a  point  of 
nigh  eflSciency  and  low  cost  of  maintenance,  has  stirrea  up  en- 
gineers in  this  country  to  consider  the  application  of  storage  bat- 
teries to  their  own  plants,  and  thus  the  accumulator  has  assumed 
great  importance  at  the  present  time,  especially  as  power  and 
light  stations  are  so  far  developed  that  further  increase  in  gen- 
crating  capacity  means  large  additional  expenditure,  and  m  a 
great  many  cases  the  rebuilding  of  the  entire  plant. 

Realizing,  therefore,  that  storage  batteries  are  eminently  prac- 
tical as  auxiliaries,  and  that  their  utility  and  value  are  acknowl- 
edged throughout  Europe,  it  is  not  surprising  that  engineers  and 
managers  in  this  country  are  inquiring  about  them  with  the  end 
in  view  of  securing  the  full  measure  of  their  advantages  and 
benefits.  In  Engmnd  and  on  the  Continent,  storage  batteries 
have  been  used  in  central  stations  for  more  than  five  years,  and 
the  success  of  their  application  has  brought  about  a  great  change 
of  feeling  regarding  them  ;  and  the  respect  with  which  they  are 
now  regarded  is  an  ample  indication  of  the  value  they  have  been 
to  managers  in  the  operation  of  their  stations. 

It  is  an  acknowledged  fact  that  the  great  variations  and  fluctu- 
ations of  the  load  on  power  circuits,  especially  those  power  cir- 
cuits supplying  trolley  lines,  are  among  the  greatest  diflBculties 
which  engineers  have  to  contend  against,  and  any  appliances 
which  will  aid  them  to  arrive  at  a  satisfactory  running  of  their 
station  is  looked  upon  with  favor  by  them.  It  is  only  in  the 
ranks  of  those  short-sighted  engineers,  where  ignorance  and  pre- 
judice are  the  rule  rather  than  the  exception,  that  there  are  found 
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men  who  will  refuse  to  consider  the  storage  battery  as  an  auxiliary. 

In  this  paper  the  terra  "  variation  "  is  used  to  designate  the 
change  of  current  induced  by  the  adding  of  lights  onto  a  light- 
ing station,  or  the  cars  or  motors  onto  a  power  station.  The 
term  "  fluctuation  "  is  used  to  indicate  those  rapid  and  necessary 
changes  of  current  taking  place  on  the  outside  line,  due  to  stop- 
ping or  starting  of  cars  or  throwing  on  or  off  of  stationary  mo- 
tors. Althou^  they  may  be  thus  differentiated,  they  bear  a  cer- 
tain relation  to  each  other,  and  in  applying  a  storage  battery  a 
study  of  the  conditions  will  quickly  indicate  the  type  of  battery 
which  will  be  more  favorable  in  each  case.  By  the  "  type  "  of 
battery  is  meant  the  slow  discharge  battery  for  a  long  period  of 
service,  or  the  rapid  discharge  battery  for  a  few  hours,  or  even 
less  time  of  discharge. 

In  the  lighting  station,  if  we  bear  in  mind  the  usual  form  of 
curve,  it  will  be  remembered  that  the  instantaneous  changes  of 
current  are  minute  and  almost  imperceptible,  compared  with  the 
steady  increase  or  diminution  of  tne  total  current  of  the  station. 
Comparing  the  lighting  curve  with  the  usual  form  of  power  sta- 
tion curve,  it  will  be  noticed  that  the  instantaneous  changes  of 
current  are  enormous  compared  with  that  in  the  lighting  station 
curve.  There  is  a  similarity  in  the  two  curves  in  the  fact  that  at 
certain  hours  of  the  day  more  cars  are  operated  than  at  other 
hours,  thus  producing  a  general  rise  in  the  level  of  the  power 
curve,  corresponding  to  the  throwing  on  of  a  number  of  lights  in 
the  lighting  curve. 

It  is  not  the  purpose  of  this  paper  to  discuss  the  characteristics 
of  the  two  curves,  but  to  consider  in  a  general  way  the  applica- 
tion of  storage  batteries  to  the  wiping  out  of  the  fluctuations  and 
variations  as  they  come  upon  the  oynamos  and  engines.  The 
introduction  of  a  storage  battery  into  a  central  station,  acts  in  a 
certain  sense  as  a  buffer  between  the  external  load  and  the  dyna- 
mos, taking  the  shock  of  the  variations  without  throwing  the 
same  on  the  engines.  In  this  regard  they  have  the  effect  of  re- 
ducing the  average  percentage  variation  in  load  on  the  dynamo, 
from  a  large  amount  to  a  very  small  one,  making  the  operation 
of  the  machines  more  eflScient.  In  fact,  a  storage  battery  acts  as 
a  regulator  in  this  instance,  maintaining  as  it  does  a  constant  vol- 
tage at  the  switchboard.  This  introduces  the  question  of  the 
efficiency  of  engines  with  varying  loads;  and,  leaving  out  of  ac- 
count the  reports  by  engine  builoers,  who  are  naturally  interested 
parties,  it  is  a  fact  that  not  many  extended  and  careful  investiga- 
tions of  efficiency  under  varying  loads  have  been  carried  out. 
Prof.  W.  C.  Unwin,  of  the  Central  Institution,  at  South  Kensing- 
ton, has  shown,  however,  that  a  decrease  of  mechanical  efficiency 
has  a  serious  effect  on  the  economy  of  working  with  a  variable 
load,  and  with  a  load  varying  from  100  per  cent,  to  25  per  cent., 
the  efficiency  decreases  from  85  per  cent,  to  40  per  cent. 

As  applied  to  power  stations,  and  especially  where  water  power 
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is  used,  storage  batteries  are  almost  indispensable.  The  writer 
knows  of  several  plants  where  the  snecessfui  maintenance  of  a 
constant  voltage  on  the  machines  is  dependent  npon  the  fact  that 
an  attendant  sits  by  the  governors  of  the  wheels,  and  regulates 
them  by  hand,  as  the  inertia  of  the  water,  even  when  the  best 
water-wheel  governor  that  has  ever  been  produced  is  employed,  is 
too  great  to  allow  the  turbines  to  pick  up  or  throw  olBE  the  load 
with  anvthing  like  the  quickness  with  wnich  it  is  thrown  on  or 
off  by  the  outside  circuit.  The  stations  in  mind  are  not  small 
stations,  as  might  be  supposed  at  first  thought,  but  are  stations 
where  several  thousand  horse  power  and  over,  are  generated  at 
certain  hours  of  the  day ;  and  it  is  surprising  that  engineers  of 
intelligence,  who  are  usually  quick  to  perceive  the  advantages  of 
new  applications,  are  still  allowing  their  prejudices  to  prevent 
them  from  investigating  the  merits  and  value  of  accumulators  as 
regulating  governors  in  their  stations. 

In  the  application  of  storage  batteries  to  the  power  station  of 
a  trolley  system,  it  is  not  unusual  to  find  the  variation  in  load  as 
much  as  50  per  cent,  below  the  average  horse  power,  and  even  as 
great  as  200  per  cent,  above  the  mean  load.  These  enormous 
fluctuations  take  place  in  the  course  of  a  few  minutes,  and  are  an 
expense  to  the  railroad  companies  in  at  least  three  ways.  In  the 
first  instance,  they  require  the  use  of  a  dynamo  capacity  very 
much  in  excess  of  that  required  where  the  station  is  operated  at 
a  constant  load.  In  the  second  instance,  these  fluctuations  reduce 
the  life  of  the  machinenr  of  the  station,  producing  a  very  large 
depreciation  account.  In  the  third  instance,  the  efficiency  of  the 
generating  plant  is  very  much  reduced,  as  pointed  out  in  a  pre- 
vious paragraph.  It  nas  been  figured  out  in  a  number  of  in- 
stances that  could  the  steam  be  utilized  in  a  proper  manner  in 
the  engines  driving  the  dynamos,  that  at  least  40  per  cent,  more 
work  could  be  obtained  from  it. 

When  considering  the  application  of  storager  batteries  to  illu- 
minating plants,  it  is  founa  that  their  value  is  equally  as  great  as 
in  the  case  of  power  stations,  as  the  charging  oi  the  battery  can 
be  done  while  the  plant  is  operating  at  light  loads,  thus  making 
use  of  the  power  of  their  machines  to  great  advantage.  At  the 
period  of  heavy  load,  the  battery  is  able  to  take  care  of  the  peak 
of  the  load,  and  also  to  operate  the  lights  during  that  period  of 
the  24  hours  when  few  lights  are  being  supplied  from  the 
station. 

The  value  of  an  accumulator  plant  attached  to  an  illuminating 
station  has  been  thoroughly  demonstrated  by  the  New  York 
Edison  Illuminating  Company,  and  the  Edison  Illuminating 
Company  of  Boston,  and  recently  in  the  plant  of  the  Lawrence 
Oas  Company,  Lawrence,  Mass.  In  the  latter  case  the  battery  is 
used  in  connection  with  their  Edison  three-wire  system,  and  is 
used  in  the  regular  way  of  carrying  the  peak  of  the  load  during 
the  busy  hours  of  lighting.     The  Lawrence  Gas  Company,  after 
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operating  this  plant  for  a  short  period,  Jbave  recently  doubled  their 
storage  battery,  as  thej  have  found  it  so  convenient  and  useful 
that  they  believe  their  system  would  be  much  benefited  by  an 
increase. 

The  storage  battery  can  also  be  used  as  a  valuable  adjunct  to 
both  power  and  lighting  stations  at  points  in  their  svstems  where 
it  is  difficult  to  maintain  the  voltage  at  periods  of  heavy  load. 
In  these  cases  the  feeders  are  usually  not  sufficient  to  carry  the 
whole  current  direct  from  the  station.  But  during  the  periods 
of  small  load  the  feeders  can  be  utilized  up  to  their  maximum 
allowable  drop  in  potential,  to  charge  battery  sub-stations  placed 
at  these  weak  points.  When  the  load  at  such  points  becomes 
greater  than  the  capacity  of  the  feeder,  the  battery  comes  into 
play,  and  carries  the  loaa  in  connection  with  the  station  supply  at 
that  point,  thus  maintaining  the  voltage  and  doing  satisfactory 
and  valuable  service.  There  must  be  hundreds  of  street  railroacis 
in  this  country  that  have  just  such  weak  points,  and  it  will  only 
be  in  accordance  with  the  established  progressive  character  of 
American  street  railway  and  lighting  engineers,  to  investigate  the 
value  to  them  of  a  storage  battery,  as  soon  as  it  has  been  brought 
thoroughly  to  their  notice.  This  cannot  but  result  in  a  widely 
extended  use  of  the  storage  batteries  for  this  purpose  ;  and  the 
expectations  of  those  interested  in  storage  batteries  would  not  be 
exceeded  if  half  the  street  railroads  and  direct  current  lighting 
plants  in  this  country  and  Canada  should  adopt  within  the  next 
lew  years  storage  batteries  either  at  their  central  stations  or  at 
sub-stations,  the  more  especially  as  they  can  now  obtain  storage 
batteries  which  are  thoroughly  reliable,  and  which  can  be  installed 
under  a  guarantee. 

The  extent  to  which  storage  batteries  have  been  used  in  Eng- 
land and  on  the  Continent  is  very  great ;  and  it  will  surprise 
many  engineers  in  this  country  to  know  that  there  are  more  than 
20  lighting  stations  and  several  thousand  isolated  plants  in  Great 
Britain  alone,  using  storage  batteries.  Further  than  this,  there 
are  in  Germany  5,000  isolated  plants  and  15  railway  power  plants 
using  ston^e  batteries.  In  fact,  80  per  cent,  of  all  the  central 
stations  in  Germany  and  Austria  are  equipped  with  storage  bat- 
teries. In  addition  to  the  above,  there  are  many  stations  in 
France,  Italy,  Holland,  Belgium,  Sweden,  Norway,  Denmark 
and  Spain,  and  two  or  three  in  Switzerland. 

A  survey  of  the  progress  which  storage  batteries  have  made  in 
European  countries,  indicates  no  very  great  change  in  the  princi- 
ples of  construction,  but  the  results  seem  to  be  rather  due  to  a 
thoroudi  analysis  and  appreciation  of  the  requirements  of  each 
case.  This  has  resulted  in  a  proper  use  of  batteries  and  a  correct 
recognition  of  the  limitations  of  their  usefulness.  This  fact  alone 
has  contributed  largely  to  their  successful  application.  The  great 
difficulty  in  this  country  has  been  that  engineers  have  not  recog- 
nized a  proper  limit  to  the  usefulness  of  a  battery,  but  have,  in 
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many  cases,  far  exceeded  their  specified  limitations,  and  in  this 
way  have  injured  the  batteries  and  cast  discredit  on  them.  It 
would  be  just  as  reasonable  to  overwork  an  engine  until  injured 
or  worn  out,  and  then  declare  that  all  engines  were  useless  and 
expensive  mechanical  contrivances. 

One  point  which  has  contributed  largely  towards  the  success 
of  storage  batteries  in  Europe,  is  the  fact  that  engineers  have 
endeavored  to  obtain  long  lite  and  high  efficiency  even  at  the 
expense  of  increased  first  cost,  and  instead  of  attempting  to  obtain 
a  large  output  per  Dound  of  element,  they  have  limited  them- 
selves to  a  reasonable  number  of  ampere-hours  j>er  pound.  The 
result  of  this  has  been  that  the  batteries  in  use  in  Europe  have 
shown  great  endurance  and  solidity.  The  experience,  however, 
which  has  been  obtained  with  many  American  batteries  has  not 
been  so  promising  as  on  the  Continent,  owing  to  the  lack  of  prop- 
er appreciation  of  them.  It  would  be  greatly  to  the  advantage 
of  American  engineers  if  they  would  follow  the  lines  laid  down 
by  their  European  confreres ;  and  if,  instead  of  waiting  for  some 
marveloas  development  in  the  manufacture  of  storage  batteries, 
they  should  make  use  of  the  existing  high  class  and  efficient 
batteries  which  are  now  offered  to  the  public,  and  bv  using  them 
in  a  reasonable  manner  they  would  obtain  valuable  and  even 
remarkable  results. 

Great  progress  has  recently  been  made  in  manufacturing  large 
batteries  which  have  a  capacity  large  enough  to  take  care  of  the 
needs  of  central  lighting  and  power  stations,  and  engineers  need 
no  longer  complain  that  they  are  unable  to  get  the  large  cells 
which  they  require.  In  fact,  manufacturers  can  produce  cells 
having  almost  any  given  capacity. 

Considering  the  efficiency  of  a  storage  battery,  the  factors 
which  tend  to  reduce  it  are  due  to  a  loss  in  voltage,  and  in  the 
Quantity  of  current.  These  losses,  however,  are  not  so  serious  as 
tney  have  been  in  the  past,  and  manufacturers  are  at  present  able 
to  guarantee  a  very  high  efficiency.  In  cells  which  were  sub- 
mitted to  Prof.  H.  L.  Callender,  an  ampere  efficiency  of  96.1  per 
cent  was  recorded,  the  watt  efficiency  being  84  per  cent.  In  cer- 
tain instances,  however,  known  to  the  writer,  these  efficiencies 
have  been  slightly  exceeded,  and  complaints  from  central  station 
managers  that  they  cannot  obtain  efficient  cells  are  now  ground- 
less, as  with  the  efficiencies  named,  an  eminently  satisfactory 
service  can  be  obtained.  It  must  be  borne  in  mind  that  a  loss  of 
16  per  cent.,  or  even  20  per  cent.,  in  the  efficiency  of  the  battery 
does  not  mean  the  loss  of  the  same  percentage  in  the  output  of 
the  station,  as  the  battery  usually  supplies,  approximately,  or  even 
less,  of  the  whole  output  in  watt-hours,  and  it  is,  therefore,  from 
that  fraction  of  the  wnole  output  that  the  loss  in  the  battery  must 
be  deducted. 

In  the  matter  of  cost  of  maintenance  of  a  storage  battery  out- 
fit, it  is  now  usual  for  the  manufacturer  to  guarantee  a  fixed 
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annual  percentage.  This  percentage  varies  from  ten  per  cent,  in 
small  plants  to  a  smaller  percentage  in  large  plants,  depending,  of 
course,  on  the  conditions  of  operation  and  the  use  to  be  made  of 
the  battery,  a  study  of  which  will  soon  determine  what  percentage 
can  be  guaranteed.  In  first  class  plants  well  installed  and 
operated  by  careful  engineers,  the  cost  of  maintenance  can  be 
reduced  to  the  vicinity  of  3.5  or  4  per  cent.  It  is  customary  for 
the  manufacturers  to  enter  into  a  contract,  in  the  case  of  large 
plants,  guaranteeing  that  the  cost  of  maintenance  shall  not  exceed 
a  certain  percentage  per  annum  for  the  period  of  contract.  This 
can  be  carried  out  in  two  ways.  Either  the  lighting  or  railroad 
company  can  pay  the  manufacturer  the  percent^e  specified, 
every  year,  and  the  manufacturer  will  inspect  and  keep  the 
battery  in  first-class  condition ;  or  the  company  employing  the 
batteries  can  inspect  and  order  renewals  themselves,  in  which  case 
should  the  cost  of  maintenance  exceed  the  percentage  guaranteed, 
the  manufacturer  will  not  charge  more  than  the  specified  amount. 
This  is  an  exception  rather  than  the  rule,  however,  as  the  cost  of 
maintenance  is  usually  somewhat  lower  than  that  specified  by  the 
manufacturers,  so  that  the  company  owning  the  battery  is  the 
gainer  by  the  difference  in  percentage,  liy  a  thorough  attention 
to  details,  both  large  and  small,  the  percentage  can  be  kept  down 
to  a  very  low  figure ;  and  it  is  to  be  regretted  that  the  practice  of 
engineers  which  prevails  in  Europe,  oi  treating  the  battery  with 
care  and  consideration,  does  not  seem  to  exist  among  the  engineers 
of  this  country,  to  the  detriment  of  their  own  lighting  or  railroad 
plants,  which  would  otherwise  be  able  to  utilize  batteries  in  an 
eflicient  manner. 

It  must  not  be  assumed  from  the  above  that  storage  batteries 
require  an  inordinate  amount  of  care  and  trouble.  On  the  con- 
trary, they  do  not  require  either  expense  or  great  care.  All  that 
is  demanded  is  regular  and  systematic  attention  on  the  part  of 
those  having  them  in  charge.  When  such  care  is  exercised,  it  is 
found  that  batteries  perform  a  very  valuable  service,  and  largely 
reduce  the  operating  expenses  of  the  station — in  many  cases  as 
much  as  30  to  35  per  cent.  This  reduction  in  operating  expenses 
is,  of  course,  due  to  the  saving  in  cost  of  coal  consumed,  a  saving 
which  could  not  otherwise  be  obtained.  Where  water  power  is 
employed,  a  storage  battery  enables  the  water-wheels  to  be 
operated  for  24  hours,  storing  current  while  the  station  output  is 
reduced  to  a  minimum,  and  aiding  the  station  during  the  busy 
hours  of  the  day.  In  many  cases  this  practically  doubles  the  out- 
put of  the  station  without  mcreasing  the  cost  of  installation  to  a 
correspondins:  amount.  In  fact,  m  many  cases  where  water 
power  is  used,  it  would  be  impossible  to  double  the  power  of  a 
station,  as  there  would  not  be  enough  water  at  hand  to  give 
double  the  power.  This  is  especially  true  in  those  sections  oi  the 
country  where  the  power  of  small  streams  has  been  utilized  and 
where  the  flow  of  water  is  continuous  but  not  very  great.     In 
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addition  to  a  storage  liattery  acting  as  a  receiver  for  storing  the 
current  while  the  station  is  not  giving  a  large  outpnt,  it  also  main- 
tains, during  the  operation  of  the  station,  a  perfectly  uniform 
voltage,  which  would  not  be  obtained  with  the  vandng  load 
direct  upon  the  water-wheels,  on  account  of  the  difficulty  in  gov- 
erning previously  mentioned. 

When  an  entirely  new  power  plant  is  to  be  built,  there  is  no 
doubt  that  by  adopting  the  storage  battery  in  the  first  instance,  the 
initial  cost  of  installation  will  be  less  than  for  the  plant  not  using 
storage  batteries,  and  the  cost  of  operation  of  the  station  will  cer- 
tainly be  very  much  reduced,  when  the  station  uses  storage  bat- 
teries. In  the  case  of  existing  plants  which  have  to  be  extended, 
it  has  been  proved  that  a  kilowatt-hour  capacity  can  be  added 
more  cheaply  to  the  station  by  the  addition  of  storage  batteries, 
than  by  the  addition  of  generating  machinery ;  while,  of  course, 
the  cost  of  operation  is  much  reduced. 

Keferring  to  the  primary  cost  of  borage  batteries,  the  cost  per 
kilowatt-hour  output  is  relatively  greater  for  small  cells  than  for 
large  ones,  since  tne  cost  of  manufacture  is  reduced  per  kilowatt- 
hour  in  the  larger  sizes,  whereas  the  jars  and  tanks  which  are 
used  to  hold  elements  do  not  decrease  very  much  with  the  de- 
crease in  size  of  the  elements.  The  cost  of  shipment  and  erection 
are,  of  course,  slightly  less  per  kilowatt-hour  with  the  larger  sizes 
than  with  the  smaller  ones,  and  on  the  whole  the  cost  per  kilo- 
watt-hour with  the  larger  cells  is  less  than  with  the  smaller  sizes. 
It  is  stated  by  the  Electric  Storage  Battery  Company  that*  they 
are  now  installing  large  plants  of  the  Tudor  type  at  a  cost  per 
kilowatt-hour  of  about  $37  to  $40,  which  cost,  it  is  understood, 
can  be  reduced  in  the  larger  stations.  The  question  of  cost,  how- 
ever, is  one  which  must  be  studied  out  in  each  case  where  it  is 
proposed  to  install  storage  batteries,  and  a  consideration  of  the 
cost  of  installation  of  storage  batteries  with  their  attendant  reduc- 
tion in  operating  expenses,  will  very  soon  bring  to  the  mind  of 
purchasers  that  it  is  cheaper  to  invest  in  accumulators  than  to  in- 
vest in  additional  boilers,  engines  and  dynamos. 

As  previously  stated,  it  has  been  the  object  of  this  communica- 
tion to  bring  before  the  Institute  the  general  facts  and  considera- 
tions relating  to  the  installation  of  storage  batteries  as  auxiliaries  to 
power  and  lighting  plants.  Lengthy  descriptions  of  plants  al- 
ready installed  have  been  avoided,  and  those  interested  are  re- 
ferred to  the  published  descriptions  which  are  constantly  appear- 
ing in  the  tecnnical  journals. 

The  President: — Gentlemen,  there  is  probably  no  one  who 
has  had  more  experience  in  storage  battery  work  than  Mr.  Edgar, 
and  I  would  like  to  call  on  him  K)r  the  next  contribution  to  this 
discussion. 
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C0HMUNIOA.TION  BY   C.    L.    EdOAB    on     "  PrA-OTIOAL   ExPERIIiNOB 

WITH  Storage  Batteries  in  Central  Stations." 

To  those  interested  in  selling  electricity,  it  is  a  sonrce  of  great 
satisfaction  that  the  storage  battery  discussion  has,  within  the 
past  few  months,  especially  in  A.merica,  taken  on  an  entirely  new 
phase.  It  has  become  a  question  of  use,  and  not  of  manufac- 
ture. 

For  years  we  have  all  watched  with  great  interest  the  various 
types  of  batteries  put  upon  the  market.  We  have  discussed  their 
value,  at  first  deciding  for  ourselves  whether  they  would  work 
at  all,  and  in  later  years  broadening  out  the  discussion  as  to  how 
well  they  would  work.  We  have  watched  the  various  compan- 
ies interested  in  the  manufacture  of  storage  batteries  fight  one 
another  in  the  courts,  and  we  have  wondered  if  it  were  ever  ta 
be  possible  to  obtain  a  battery  which  did  not  infringe  some  one 
else's  patent. 

Until  veiT  recently  it  has  not  been  possible  to  discuss  from 
the  standpoint  of  experience  the  economic  merits  of  storage  bat- 
teries, ana  it  is  particularly  satisfactory  to  us  to  note  that  the  dis- 
cussion seems  to  have  drifted  away  from  the  manufacturer  to  the 
user.  To-ni^ht  I  am  going  to  assume,  at  least  for  the  purpose  of 
this  communication,  that  these  perplexing  questions  have  all  been 
answered,  and  that  we  are  finally  on  a  par  with  our  neighbors 
across  the  water,  prepared  to  discuss  the  advantages  of  a  commer- 
cial storage  battery  found  ready  to  our  hand. 

Whatever  may  be  the  facts  as  to  the  existence  of  a  commercial 
battery,  some  of  us  have  purchased  and  are  operating  batteriea 
which  we  consider  satisfactory,  and  I  will  leave  that  part  of  the 
discussion  to  others,  confining  myself  exclusively  to  their  uses  in 
an  Edison  system  of  circulation  and  distribution  for  lighting  and 
power  purposes,  in  thickly  settled  communities.  As  it  appears 
to  me,  their  uses  can  be  classed  under  four  great  heads,  as  fol- 
lows: 

Ist.  To  carry  the  peak  of  the  load  at  maximum  hours. 

2nd.  To  carry  the  entire  load  at  minimum  hours. 

3rd.  To  act  as  an  equalizer  or  reservoir. 

4th.  For  the  equipment  of  annex  stations. 

There  are  many  other  special  uses  for  batteries  which  can  be 
naturally  classed  under  one  of  these  heads. 

Firsty  to  carry  the  peak  of  the  load. — In  all  systems  of  lighting, 
whether  by  gas  or  by  electricity,  there  is  a  considerable  portion 
of  the  connected  load  which  is  used  only  for  two  hours  per  day 
during  the  three  or  four  months  in  winter.  We  have  all  of  us, 
at  various  times,  very  earnestly  discussed  the  probability  of  being 
able  to  widen  out  this  peak  as  it  is  commonly  known,  and  numer- 
ous schemes  have  been  devised  by  which  it  has  been  made  more 
or  less  of  a  hardship  for  customers  to  use  their  light  at  this  time, 
special  concessions  being  made  at  all  other  hours  of  the  day  or 
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night.  Tt  does  not  seem  to  me  that  any  of  these  will  avail.  We 
cannot  cet  aronnd  the  fact  that  there  are.  in  every  large  city, 
hundreds  of  stores  which  close  up  at  six  o'clock  at  night  The 
only  need  which  they  have  for  light  is  after  it  becomes  dark.  In 
this  section  of  the  country,  darkness  comes  on  about  4.30  in  mid- 
winter, and  these  stores  are  bound  to  use  their  light  from  4.80 
to  six  o'clock,  and  have  no  need  of  it  at  any  other  time.  These 
are  facts  which  are  entirely  outside  of  the  question  of  electric 
lighting,  and  nothing  which  we  can  do  will  change  them. 

It  matters  not  whether  the  company  has  a  lai*g^  motor  load  in 
the  daytime,  or  a  large  city  contract  at  night.  These  are  simply 
going  to  change  the  height  of  the  curve  at  those  hours.  They 
are  not  going  to  alter  the  special  shape  of  the  curve  due  to  the 
hour  and-a-half  of  darkness  during  the  business  day. 

This  particular  peak  will  be  in  some  cases  a  much  larger  per- 
centage of  the  total  maximum  output  of  the  station  than  in  oth- 
ers, but  I  think  it  is  safe  to  assume  that  it  is  likely  to  vary  only 
between  one-third  and  one-half  of  the  total.  In  the  case  of  the 
company  with  which  I  am  connecte<l,  we  have  found  that  if  we 
diviae  our  maximum  load  of  the  year  into  two  parts,  the  upper 
half  exists  only  for  about  two  hours  under  ordinary  circumstances, 
and  four  hours  under  exceptional  circumstances  for  the  five  win- 
ter months. 

Computing  the  kilowatts  in  these  two  halves,  we  find  that  the 
lower  half  contains  90  percent,  of  the  k.  w.  hours  manufactured^ 
whereas  the  upper  half  contains  only  about  10  per  cent.  This 
would  prove  tne  position  taken  by  some  engineers  that  if  an  ex- 
tremely large  station  was  to  be  constructed,  it  would  probably 
pay  to  equip  it  with  two  types  of  apparatus-— 50  per  cent,  to  be 
of  the  best  economy  and  most  expensive  class  known  to  the  art. 
This  to  do  the  90  per  cent,  of  the  work.  The  other  60  per  cent, 
to  consist  of  crude,  cheap,  uneconomic  but  reliable  apparatus,  to 
do  the  10  per  cent,  of  the  work.  The  saving  in  interest  on  the 
lesser  investment  in  the  second  class  would  be  much  greater  than 
the  extra  cost  of  running  this  half,  due  to  its  poor  economy. 

In  our  particular  case  we  find  ourselves  in  precisely  this  posi- 
tion. Our  company  installed  in  years  past  about  4,000  h.  p.  of 
high  speed,  belted,  bipolar  apparatus,  reliable  but  of  poor  econ- 
omy. Some  three  years  ago  it  changed  to  the  other  extreme  and 
ooiamenced  to  equip  with  the  highest  priced  and  most  economical 
apparatus  to  be  found  in  the  market,  and  to-day  there  is  about 
4,000  H.  p.  of  this  apparatus  in  use. 

The  data  which  we  have  for  1894  and  1895  proves  the  state- 
ment which  I  have  just  made.  Ninety  per  cent,  of  our  kilowatts 
have  been  manufactured  by  the  vertical,  triple  expansion,  multi- 
polar units,  and  yet  the  total  capacity  of  this  apparatus  is  not 
over  50  per  cent,  of  our  maximum  output  for  the  winter. 

The  application  of  the  storage  battery  to  these  conditions  is 
obvious.     What  we  need  and  what  all  companies  under  generally 


Digiti 


ized  by  Google 


594  tiTORAQK  BATTERY  APPLICATIONS.  [^ov.  30. 

like  circumBtaiices  need,  is  a  piece  of  apparatus  capable  of  doing 
two  hours'  work  per  day  which  is  cheap,  and  which  has  fair 
economy.  If  storage  batteries  could  be  used  under  no  other  cir- 
cumstances than  these,  it  is,  perhaps,  somewhat  doubtful  whether 
it  would  pay  to  install  them,  but  yet  I  am  inclined  to  think  that 
considering  their  tirst  cost  and  the  efficiency  which  we  can  obtain 
from  them,  it  could  be  fairly  proved  that  it  would  pay  to  use 
them  rather  than  what  I  have  designated  as  the  cheap  type  of 
apparatus. 

At  the  time  our  first  battery  was  puixshased,  our  standard  unit 
was  650  H.  p.  We  therefore  called  for  a  battery  of  650  h.  p.  ca- 
pacity for  two  hours.  We  eventually,  under  stress  of  circum- 
stances, reduced  this  to  one  and  a  halt  hours  and  found  that  it 
cost  considerably  less  than  a  first-class  steam  plant. 

As  all  apparatus  has  to  be  installed  for  the  express  purpose  of 
taking  care  of  the  maximum  load,  it  seemed  to  us  very  clear  that 
if  we  could  save  in  our  firot  investment  by  installing  storage  bat- 
teries which  cost  less  than  a  steam  plant,  we  were  going  to  be 
able  to  do  a  given  amount  of  work  with  a  less  amount  of  capital 
by  this  means  than  by  any  other.  We  thus  decided  to  install  a 
battery  to  take  care  uf  the  peak,  even  if  we  obtained  no  other  ad- 
vantage from  it. 

Seco)idy  to  carry  the  entire  load  at  mitiimuin  liours — 1  think 
that  the  nature  of  the  load  curve  in  America  is  against  the  use  of 
batteries  for  this  purpose  to  anything  like  the  same  extent  as 
abroad.  With  us  there  is  only  about  six  hours  of  minimum  load, 
whereas,  owing  to  the  lack  of  motor  business  in  Europe,  the  mini- 
mum there  extends  some  days  from  midnight  until  three  o'clock 
in  the  afternoon.  Uur  minimum  is  so  short  that  we  are  not  able 
to  save  one  shift  of  men  nor  are  we  able  to  save  much  in  the 
fixed  boiler  room  expenses  from  drawing  the  fires,  Imnking  the 
boilers,  or  any  of  the  various  other  expedients  used  when  the 
plant  is  not  in  operation. 

Our  generating  department  has  gone  through  some  exhaustive 
experiments,  running  first  the  engines  for  24^  hours  a  day,  charg- 
ing the  battery  at  minimum  load,  and  then  turning  around  the 
next  week  and  shutting  down  the  steam  plant  for  the  six  hours 
from  midnight  until  six  o'clock  in  the  morning,  and  depending 
entirely  upon  the  battery.  The  general  conclusion  seems  to  have 
been  arrived  at  that  the  former  is  the  cheaper  method.  Admit- 
ting this,  the  indirect  advantages  of  the  former,  by  which  the 
batterv  is  charged  during  the  night,  and  can  be  used  during  the 
following  day,  are  very  much  greater  than  if  the  battery  were 
discharged  during  the  night,  as  it  could  not  be  completely 
charged  again  until  the  middle  of  the  afternoon  of  the  following 
day. 

I  do  not  consider  our  conclusions  final,  as  the  local  conditions 
might  materially  change  the  result.  In  our  case  it  happens  that 
the  output  at  night  plus  the  charging  current  of  the  battery,  is 
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just  equiTalent  to  one  of  our  standard  units.  If  it  were  iteces- 
sary  to  run  two  units  to  do  this  work,  our  conclusions  might  liave 
been  difEerent,  so  that  I  think  this  is  a  case  whicli.  has  to  be  de- 
cided in  each  place  on  its  own  merits. 

Thirdy  to  act  as  an  equalizer  or  a  reservoir, — It  is  this  use  of 
the  battery  with  whicli  we  have  been  particularly  pleased,  and  in 
order  to  understand,  it  is  perhaps  desirable  to  explain  tlie  needs 
which  a  modern  station  has  for  apparatus  of  this  kind.  Years 
ago  a  distribution  company  was  equipped  with  one  station,  fur- 
nishing electricity  through  a  system  of  feeders,  supplied  from 
one  'bus  bar.  All  this  is  changed^  Today  the  modern  station 
manufactures  electricity  in  various  places,  transfers  it  from  one 
station  to  the  other  at  will,  sends  it.  out  through  a. system  of  dis- 
tribution at  three  or  four  pressures  supplied  from  'bus  bars  of 
varying  potential.  At  the  minimum  hours  of  the  day  the  elec- 
tricity IS  manufactured  by  one  set  of  dynamos,  part  of  it  being 
delivered  to  the  'bus  bar  in  the  station  in  which  the  dynamos  are 
located,  the  remainder  being  sent  out  pver  tie  lines  to  various  an- 
nex stations  and  delivered  there  to  the  local  ^bus  bar.  The 
amount  of  current  is  so  small  compared  with  the  capacity  of  the 
various  circuits  that,  practically  the  pressure  delivered  at  the 
lamps  is  constant,  notwithstanding  the  various  roundabout  ways 
in  which  it  reaches  them. 

As  the  load  begins  to  increase,  the  drop  over  the  tie  lines  be- 
comes noticeable,  and  it  is  necessary,  by  means  of  auxiliary  dy- 
namos known  as  boosters,  to  raise  t)ie  potential  of  that  part  of  the 
output  which  is  delivered  to  the  tie  lines. 

The  load  still  increasing,  it  is  necessary  to  start  additional  dy- 
namos. These  may  be  thrown  in  multiple  directly  with  the  or- 
iginal pair,  and  deliver  the  same  potential  as  the  others,  or,  if  the 
condition  of  the  load  warrants  it,  tliey  may  be  thrown  in  multi- 
ple with  the  original  dynamos  and  the  booster  in  series,  and  de- 
liver the  potential  needed  by  the  tie  line.  In  this  case  the  booster 
might  be  taken  out  of  circuit. 

The  load  on  the  tie  line  again  increasing,  the  booster  would  be 
again  put  in  use,  and  we  would  thus  have  the  condition  of  a  tie 
line  supplied  partly  by  a  dynamo  of  the  proper  potential,  and 
partly  l)v  additional  current  furnished  by  a  booster,  raising  the 
potential  from  another  'bus  bar  supplying  current  locally. 

This  goes  on  until  nearly  the  maximum  load  is  reached.  It 
then  may  be  found,  as  it  is  sometimes  in  our  case,  that  the  orig- 
inal or  main  station  is  not  equipped  with  sutBcient  dynamos  to 
supply  the  local  distribution.  In  this  case  the  current  over  the 
tie  line  is  reversed,  and  the  annex  station  sends. current  to  the  or- 
iginal station,  which  arrives  there  at  somewhat  lower  potential 
than  is  needed,  and  is  there  raised  by  means  of  a  booster  to  the 
'bus  bar  of  that  station.  It  is  necessary  to  understand  that  these 
are  every  day  occurrences,  and  if  we  were  not  equipped  with  a 
battery,  it  would  be  almost  an  hourly  question  as  to  what  it  was 
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necessary  to  do  next,  whether  to  start  dynamos,  stop  them^ 
6han^  boosters  or  any  other  of  the  innumerable  combinations 
which  might  be  made.  This  trouble  is  intensified  by  the  uncer- 
tainty as  to  what  changes  are  going  to  take  place  in  the  output, 
and  what  the  load  is  going  to  be  at  any  given  time.  In  a  very 
large  degree  the  batterj  answers  all  these  questions  x)r  at  least 
makes  them  unimportant.  It  makes  it  possible  to  determine  be- 
forehand what  the  regular  day's  work  ot  the  steam  plant  is  to  be« 
to  decide  how  many  and  at  what  time  boilers  are  to  be  put  in 
service,  when  engines  are  to  be  started  or  stopped,  and  in  general 
tx)  operate  the  plant  to  its  best  economy,  knowing  that  daily  or 
hourly  ineoualities  in  the  load,  or  uncertainties  caused  by  the 
weather  will  be  taken  care  of  by  the  battery. 

It  is  kept  in  multiple  with  one  or  the  other  or  all  'buses  at  all 
times.  It  is  supposed,  for  many  hours  of  the  day,  to  be  standing 
idle  with  the  ampere-meter  at  zero,  but  it  may,  without  a  mo- 
liienf  s  warning,  oe  called  upon  to  either  give  or  take  anywhere 
from  one  to  8,000  amperes  on  a  side.  It  is  possible  in  this  way 
theoretically  to  keep  every  en^ne  which  is  running,  loaded  up  to 
its  maximum  economy  at  all  times.  Practically  we  have  found  it 
possible  to  never  operate  an  engine  with  less  than  three-quarters 
load.  The  economy  of  the  steam  plant  then  more  nearly  approx- 
imates what  is  known  as  mill  practice,  which  is  the  goal  toward 
which  we  are  all  striving. 

Having  satisfied  ourselves  in  the  beginning  that  with  a  given 
amount  of  capital  we  could  do  more  work  with  the  battery  than 
without  it,  we  by  actual  practice  came  to  the  conclusion  tnat  we 
could  by  the  same  means  do  this  same  amount  of  work  more 
cheaply.  When  we  remember  that  we  installed  the  battery  for 
the  express  purpose  of  taking  care  of  the  maximum  load,  we  are, 
of  course,  particularly  pleased  at  the  very  great  use  we  can  make 
of  it  for  this  purpose  of  equalization,  and  yet,  in  addition  to  this, 
We  have  made  enough  tests  to  prove  to  our  own  satisfaction  that 
we  do  not  lose  anything  in  fuel  economy  by  this  particular  use 
of  the  battery.  The  watts  lost  by  the  ineflSciency  of  the  battery 
are  made  up  more  than  fourfold  by  the  better  economy  of  the 
steam  plant.  We  have  taken  typical  winter  days  and  figured  out 
exactly  the  cost  of  running  our  system  with  the  battery  and  with- 
out, and  have  proved  that  the  actual  coal  consumed  with  the  bat- 
tery is  a  material  amount  less  than  without  it.  If,  in  addition  to 
the  fuel,  we  take  into  account  the  very  great  saving  in  the  labor, 
the  added  reliability  and  the  better  service  given,  we  will  see  that 
these  uses  of  the  battery  are  even  greater  than  those  for  which  it 
was  originally  installed. 

I  do  not  think  it  is  possible  to  overestimate  the  advantages  of 
storage  batteries  for  the  purpose  of  giving  regularity  and  relia- 
bility to  a  system  of  distribution.  With  very  sudden  fluctuations 
in  the  load  which  are  continually  taking  place,  it  is  almost  im- 
possible with  dynamos  alone  to  regulate  the  'bus  pressure  sa 
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qaickly  that  the  pressnre  throughont  the  system  remains  con- 
stant. Of  course,  we  have  done  this  for  years  to  the  best  of  our 
ability^  bat  it  has  necessitated  keeping  everything  in  first  clas^ 
shape  and  having  the  employees  of  the  company  on  the  alert  at 
all  times  to  take  care  of  this  question.  The  uses  of  the  battery 
very  much  simplify  this  problem.  Very  many  times  where  iq 
the  past  it  was  necessary  to  change  the  magnetism  of  the  fields  of 
dynamos,  it  is  now  necessary  to  do  absolutely  nothing,  the  battery 
acting  as  a  reservoir,  giving  out  quantities  of  current  without  any 
apparent  change  in  pre^ssure  for  the  time  being. 

This  question  of  regularity  is  very  closely  connected  with  the 
one  of  reliabilitv.  To  those  of  us  who  are  identified  with  central 
station  work,  tnere  is  a  great  sense  of  security  when  we  realize 
that  whatever  may  happen  to  the  steam  plant,  we  have  sufficient 
battery  to  carry  us  over  a  few  minutes  of  disorder.  In  our 
particular  case,  we  have  at  the  present  time  sufficient  battery  to 
run  60,000  lamps  for  five,  ten  or  fifteen  minutes,  depending  upoi^ 
how  great  the  emergency  is.  This  advantage  oi  the  battery 
may  not  appeal  to  an  outsider.  I  do  not  think  they  can  realize 
the  intense  nervous  strain  to  which  all  connected  with  the 
successful  detail  operation  of  the  station  are  subjected.  If  a 
battery  and  a  steam  plant  were  on  a  par  in  all  other  respects  than 
this,  1  should  personally  feel  very  much  inclined  to  install  it  for 
this  reason  alone. 

4.  For  the  equipment  of  annex  stdtions.  This  is  a  use  to 
which  we  have  looked  forward  with  great  interest,  but  up  to  the 
present  time  have  had  no  occasion  to  make  the  use.  There  are 
in  every  city  certain  sections,  located  so  far  from  the  centers  of 
distribution  that  it  becomes  a  very  serious  and  expensive  matter 
to  reach  them  with  the  regular  three-wire  system. 

When  we  realize  that  it  makes  very  little  diflference  to  which 
end  i*f  a  tie  line  a  storage  battery  is  connected,  we  can  see  at  once 
the  special  advantage  which  this  type  of  apparatus  gives  us.  If 
of  such  value  that  it  will  pay  to  install  them,  it  is  a  matter  more 
or  less  immaterial  whether  they  are  installed  at  the  main  station, 
or  at  an  annex  station  connected  to  the  main  station  by  tie  lines. 

The  fixed  charges  of  running  a  battery  room  are  very  small 
as  compared  with  those  of  a  steam  station,  and  there  would  not 
be  any  very  material  increase  of  fixed  expense  between  one  large 
battery  located  in  a  central  point  and  nalf-a-dozen  small  onei^ 
distributed  throughout  the  city. 

Storage  batteries,  therefore,  lend  themselves  particularly  to  the 
location  of  a  '^  central "  stat;on  at  some  convenient  point  upon 
the  water  front,  and  the  building  up  of  small  centers  of  distribu- 
tion scattered  throughout  the  city,  consisting  of  storage  batteries 
with  or  without  a  steam  adjunct,  and  connected  together  possibly, 
but  certainly  each  one  connected  to  the  central  station. 

This  communication  may  be  considered  to  have  been  written 
upon  very  narrow  lines  and  1  may  say  that  this  was  intentional. 
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So  much  has  been  written  dnring  the  past  few  months  upon 
generalities  and  upon  possible  cases  which  mav  or  may  not  exists 
fliat  it  is  sometimes  valuable  to  brush  tliese  all  one  side  and  to 
confine  oneself  to  some  specific  cases.     This  I  have  tried  to  do. 

Our  company  has  used  the  first  battery  20  njonths,  and  one  of 
double  its  capacity  for  six  months,  entirely  too  short  a  time  to 
come  to  any  conclusions  about  the  depreciation,  but  it  has  given 
us  ample  time  to  satisfy  ourselves  as  to  the  economic  value.  It 
is  sufficient  for  me  to  say  that  if  a  need  should  arise  to-morrow 
for  additional  capacity,  either  at  our  main  station,  at  either  of 
the  annexes  or  in  any  new  part  of  the  city,  within  reasonable 
distance  of  our  center  of  distribution,  we  should  consider  the 
question  along  the  lines  which  I  have  just  indicated.  We  should 
eliminate  entirely  from  the  discussion,  the  question  which  has 
distracted  the  public  mind  for  so  many  years  and  decide  it 
entirely  upon  its  merits,  placing  the  battery  side  by  side,  and  on 
an  equality  with  other  modern  and  improved  apparatus. 

The  Pkesident: — You  have  heard  the  exceedingly  interest- 
ing and  important  contribution  of  Mr.  Edgar.  ^  The  next  com- 
munication is  from  Mr.  Nelson  W.  Perry. 


COMMCTNICATION  BY  NeLSON  W.   PeRRY,  E.M.,  ON  "ThE    StORAGE 

Battery  or  the  Gas  Engine  as  an  Auxiliary." 

Whether  it  is  economical  or  not  to  equip  a  central  station  with 
an  auxiliary  storage  battery  plant,  is  a  question  which  must  be 
decided  separately  for  eacn  particular  installation.  Generally 
speaking,  the  question  will  be  decided  by  the  character  of  the 
load  line — a  broad  topped  curve  being  the  most  unfavorable,  and 
a  sharp  peak  the  most  favorable  to  storace  battery  economy. 
Again,  a  station  having  a  very  light  day  load  may  use  the  battery 
to  good  advantage  even  though  its  night  load  may  present  a 
broad-topped  aspect. 

Aside  from  purely  economic  reasons,  convenience  may  be  c<»n- 
trolling,  so  that  it  is  impossible  to  state  unless  all  the  conditions 
are  known,  whether  the  storage  battery  is  advisable  or  not. 

The  price  of  the  battery  is  an  important  element  of  course^ 
but  less  so  than  popularly  supposed,  tor  the  space  which  it  occu- 
pies and  the  cost  of  maintenance  may  largely  overbalance  any 
gain  in  first  cost  over  the  cost  of  the  extra  boiler,  engine  and  dy- 
namo. 

In  regard  to  the  cost  of  maintenance,  manufacturers  are  will- 
ing to  guarantee  that  it  will  not  exceed  10  per  cent,  per  annum,, 
but  it  is  well  to  understand  just  what  this  10  per  cent,  means.  It 
means,  in  the  first  place,  that  if  you  put  in  all  the  battery  power 
that  the  manufacturer  recommends,  and  take  care  of  the  battery 
exactly  as  he  says,  then  the  guarantee  holds  good.     Under  such 
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conditions  the  manufacturer  is  undoubtedly  safe,  but  if  we  install 
a  plant  under  these  conditions  we  are  pretty  sure  to  find  that  the 
economy  in  first  cost  of  the  battery  over  engine  and  dynamo  has 
entirely  disappeared. 

Then  it  is  well  to  understand  beforehand  what  the  10  per  cent, 
means — 10  per  cent,  of  what? 

Some  time  ago  I  had  occasion  to  inform  myself  accurately  on 
this  subject  and  to  this  end  entered  into  quite  a  correspondence 
with  the  president  of  the  leading  storage  battery  company  of  this 
country.  As  regards  the  guarantee,  he  wrote  me  under  date  of 
June  18,  1894,  as  follows  : 

"  We  send  you  by  to-day's  mail  our  illustrated  catalogue  and 
"  would  especially  call  your  attention  to  the  question  of  main- 
"  tenance  as  contained  on  page  11.  We  undertake,  in  these  cases, 
"  to  provide  renewals  when  renewals  are  required,  at  a  specific 
**  price  with  a  guarantee  that  this  will  not  be  required  sufficiently 
"frequent  {sic)  to  exceed  an  average  of  10  per  cent,  per  annum. 
"  We  have  every  reason  to  believe  from  our  experience  so  far, 
"  that  the  actual  cost  of  maintenance  when  the  batteries  are  used 
"  at  normal  rates  will  not  exceed  five  per  cent." 

Turning  to  page  11  to  see  what  this  meant,  I  found  the 
following : 

"  This  company  is*  prepared  to  undertake  maintenance  con- 
"  tracts  according  to  a  scheduled  rate  of  charges,  for  periods  up  to 
"ten  years  or  longer,  under  which  they  will  guarantee  that  the 
"total  amount  paid  for  renewals  during  the  term  of  the  contract, 
"  shall  not  exceed  ten  per  cent,  per  annum  on  the  catalogue  price 

"of  the  cells  specified  in  the  contract In  all  cases  of  re- 

"  netjoal  by  contract  the  old  material  becomes  the  property  of 
"the  company,  and  must  he  returned  to  their  works  free  of 
"  charge  for  carriage  or  packing P 

[The  italics  are  mine.] 

Since  the  regular  trade  discount  at  that  time  was  20  per  cent, 
of  the  catalogue  price,  and  a  further  discount  was  offered  which 
made  the  cost  of  the  batteries  comparable  with  that  of  an  (»ngine 
and  dynamo,  the  guarantee  assumed  a  very  different  aspect  from 
that  which  it  bore  on  its  surface.  When  to  this  was  added  the 
cost  of  packing  and  carriage  back  to  the  factory,  it  ceased  to  be 
an  attractive  guarantee,  and  my  calculations  showed  that  in  many 
cases  where  the  storage  battery  might  be  recommended,  if  the 
guarantee  was  what  it  appeared  to  be,  it  would  not  be  economi- 
cal under  the  guarantee  as  it  actually  was. 

As  before  indicated,  there  are  some  situations  in  which  either 
convenience  or  extreme  steadiness  of  current  may  be  controlling 
in  deciding  the  question  of  the  use  or  not  of  storage  batteries. 
But  where  the  question  is  one  purely  of  economy,  1  would  not 
myself  recommend  their  use  under  any  circumstances,  simply 
l>ecause  there  is  a  still  more  economical  method  at  hand.  I  refer 
to  the  gas  engine.     Even  if  it  were  necessary  to  use  illuminating 
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^  from  the  street  mains  it  would  be  more  economical  (consider^ 
ing  space  and  other  factors),  to  take  the  peak  of  the  load  with  a 
gas  engine  than  to  install  a  battery  for  this  purpose.  In  this  ease 
Siere  would  be  no  standby  losses  and  the  engine  would  be  ready 
at  a  moment's  notice  to  be  thrown  into  service. 

It  is  a  fact  that  has  been  amply  demonstrated  by  others  as  well 
as  myself,  that  a  given  number  of  lights  can  be  produced  with 
half  the  gas  burned  in  a  gas  engine  that  is  required  to  produce 
them  in  ordinary  burners.  The  mechanical  efficiency  of  the  ga» 
engine  is  not  quite  so  high  as  that  of  large  compound  condensing 
steam  engines,  rarely  ever  exceeding  83  to  85  percent.,  while  the 
latter  may  go  to  90  per  cent.,  bnt  the  total  efficiency  from  fuel  to 
the  pulley  of  the  gas  engine  is  about  double  that  of  the  steam 
engine — reaching  26  per  cent,  under  favorable  conditions,  where- 
as, with  the  steam  engine  it  rarely  equals  12  per  cent  So  that 
with  the  gas  engine  operating  at  anywnere  near  its  full  load,  there 
would  be  a  gain  in  efficiency,  instead  of  a  loss  of  say  20  per  cent, 
where  the  battery  was  used. 

As  indicating  the  performance  of  a  gas  engine  using  illumi- 
nating gas  at  various  loads,  I  quote  the  following  figurcH  obtained 
from  a  test  of  a  12  h.  p.  (actual)  gas  engine. 

Acttial  H.  p.  Gas  consumption  (en. 

developed.  •  ft.)  each  actual  b.  p. 

Vi 15 

11 15.3 

10 15.6 

9 16. 

8 ....16.5 

7 17. 

6 18. 

5 19. 

4 21. 

8 26. 

2 80. 

1 48. 

These  figures  are  somewhat  better  than  would  be  obtained  in 
practice,  but  go  to  show  that  the  gas  engine  compares  favorably 
at  light  loads  with  the  steam  engine  under  similar  conditions. 

Thus  far  I  have  spoken  only  of  illuminating  gas,  but  the  power 
may  be  much  more  cheaply  generated  by  using  a  fuel  gas. 

The  cost  of  producers  or  generators  comes  to  about  $11  00  per 
H.  p.  capacity— considerably  less  than  the  cheapest  boiler,  and  an 
idea  of  the  space  required  may  be  gained  from  a  statement  of 
Mr.  J.  Emerson  Dawson  who  in  estimating  for  a  plant  of  400  k. 
w.  capacity  says  that  if  the  gas  plant  is  allon  one  level  it  would 
occupy  a  ground  space  of  27  feet  by  64  feet,  but  if  necessary, 
all  except  the  gas  holder  can  be  placed  under  or  over  the  en^ne 
room.  His  estimate  for  such  a  plant  is,  including  erection, 
foundations  and  ash  pit  for  generators  $6500  or  $10.38  per  h.  p. 

These  fuel  gas  generators  can  utilize  advantageously  the  poorest 
grades  of  fuel,  and  produce  from  the  better  grades  of  anthracite 
about  160,000  cubic  feet  of  gas  of  a  calorific  value  equal  to  one 
quarter  that  of  16  o.  p.  illuminating  gas,  per  ton  of  coal. 
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As  to  the  standby  losses  of  the  gas  prodneers,  this  has  been 
very  carefnlly  determined  in  a  number  of  eases.  As  an  illustration 
I  will  cite  a  single  case — by  no  means  the  best  on  record. 

At  Openshaw  a  generator  which  supplied  gas  for  from  250  to 
300  I.  H.  p.  was  shut  down  for  41  hours,  and  the  fuel  consumption 
during  this  time  was  but  3.9  pounds  per  hour  or  about  one  pef 
cent.  When  we  compare  this  with  the  stand-by  losses  of  the 
steam  boiler  which  is  estimated  by  Prof.  Kemiedv  at  ten  per  cent, 
of  the  total  consumption  in  all  the  boilers,  we  see  how  insignificent 
it  is. 

A  situation  usually  considered  peculiarly  adapted  to  thB  storage 
battery  is  in  subordinate  or  outlying  stations  where  they  are 
charged  during  the  day  time  from  the  central  station,  and  act  aa 
centers  of  supply  during  the  night  time. 

But  gas  can  much  more  economically  be  distributed  to  these 
stations  than  can  the  electric  current,  for  Mr  Denny  Lane^  has 
shown  that  with  ordinary  16  c.  p.  gas,  3000  h.  p.  can  be  sent  ^ 
mile  for  an  expenditure  of  one  h.  p.,  or  one* thirtieth  of  one  per 
<5ent.  of  the  power  conveyed. 

My  own  calculations  show  that  a  six-inch  pipe  will  deliver 
6.00O  cubic  feet  of  gas  per  hour  at  a  distance  of  10,500  feet  un- 
der  four  inches  of  water  pressure.  If  this  be  16  c.  p.  gas,  allow- 
ing 25  cubic  feet  per  h.  p.  hour,  this  quantity  represents  240 
II.  p. 

Cast-iron  pipe,  six  inches  in  diameter,  having  a  thickness  of  ^ 
inch,  weighs  31.9  lbs.  per  foot.  The  total  weight  of  this  two 
miles  (nearly)  of  pipe  will  therefore  be  334,950  lbs.  This  would 
be  equivalent  in  conductivity  to  about  41,869  lbs.  of  copper. 
But  lour  miles  of  copper  weighing  41,869  lbs.  would  be  equiva- 
lent to  about  four  No.  000  b.  <&  s.  wires,  which  would  have  ^ 
resistance  for  the  four  miles  of  0.325  ohms.  If  the  charging  cur- 
rent were  transmitted  at  220  volts,  there  would  be  required  a 
<5urrent  of  848  amperes ;  but  a  wire  having  a  resistance  of  .325 
ohms  will  only  deliver  under  a  pressure  of  220  volts  220  -r-  .325  = 
677  amperes,  there  would,  therefore,  be  required  five  No.  000 
B.  <&  s.  wires  to  deliver  this  energy,  and  the  weight  of  this 
would  be  53,540  lbs. 

If  the  distribution  took  place  at  1,000  volts,  the  amperes  re- 

auired  would  be  approximately  180.  To  deliver  this  at  the  same 
istance  with  a  loss  of  10  per  cent,  would  require  6,264  lbs.  cop- 
per, and  to  deliver  it  at  one  per  cent,  loss  would  require  62,642 
lbs.  which  would  cost  far  more  than  the  pipe,  and  still  give  less 
efficient  transmission. 

I  think  it  would  be  very  easy  to  prove  that  the  gas  engine  with 
fuel  gas,  would  prove  a  much  more  economical  auxiliarv  to  the 
<5entral  station  for  taking  the  peak  of  the  load,  and  the  loads 
■amounting  to  fractions  of  a  unit,  than  the  storage  battery,  and 

1.  Eleet^-ician,  Oct.  9,  1891. 
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when  we  consider  the  efficiency  of  transmission  of  energy  in  the 
form  of  gas.  which  will  permit  of  the  location  of  the  gas  gener- 
ators where  land  is  cheap  and  fuel  easily  procured,  it  seems  to 
me  that  the  plan  must  commend  itself  to  electrical  engineers. 

Unfortunately  the  gas  engine  business  in  this  country  seems  to 
be  in  the  hands  of  parties  totally  incompetent  to  handle  it  prop- 
erly, as  every  one  knows  who  has  ever  had  occasion  to  seek  infor- 
mation from  them. 

It  is  probably  not  too  much  to  say  that  every  attempt  thus  far 
made  in  this  country  to  adapt  the  gas  engine  to  electric  lighting 
has  proved  a  failure.  Our  own  manufacturers  either  do  not 
know  what  their  engines  are  capable  of  doing,  oi*  else  they  are 
afraid  to  make  public  what  they  will  do.  I  believe  there  is  not 
a  single  manufacturer  who  has  a  printed  price  list,  and  my  own 
experience  and  that  of  others  whom  I  know,  has  been  that  it  is 
impossible  to  get  prices  quoted,  until  the  manufacturer  or  his 
agent  has  l>een  thoroughly  satisfied  of  the  exact  purpose  for  which 
the  quotations  are  desirea.  Information  of  any  kind  is  almost 
impossible  to  get ;  and  guarantees  of  performance,  when  given, 
are  worthless.  To  such  an  extent  is  this  true,  that  nearly  all,  if 
not  all  the  recent  large  orders  for  gas  engines  have  gone  abroad 
where  the  business  is  conducted  on  business  principles. 

In  England,  Germany  and  Franco  the  gas  engine  has  come  into 
extensive  use  in  isolated  lighting,  and  already  nas  been  adopted 
with  satisfactory  results  in  several  central  stations  of  considerable 
size 

When  the  business  is  properly  handled  in  this  country,  we  may 
expect  to  see  the  gas  engine  make  its  way  rapidly  in  the  lighting 
industry  here  also,  for  it  has  merits  which  need  only  be  known  to 
be  appreciated. 

ThePkesident  : — The  next  communication  is  from  Dr.  Crocker, 
on  the  "  Use  of  Storage  Batteries  ih  Electric  Lighting." 

Dr.  Francis  B.  Crocker  : — Iti  spite  of  the  fact  that  my  com- 
munication was  printed  in  advance  of  Mt.  Edgar's,  I  think  that 
he  has  really  anticipated  me  in  the  subject  matter,  and  has  gone 
much  further  than  I  even  attempted  to  go.  He  has  alr^Jady 
given  you  the  uses  to  which  storage  batteries  may  be  put  in  cen- 
tral stations.  I  liave  considered  the  matter  rather  more  gener- 
ally, that  is  to  say,  1  have  attempted  to  give  the  various  possible 
applications  in  electric  lighting,  but  I  did  not  try  to  cover  any 
of  them  very  completely. 

Communication  by  Dr.  Francis  B.  Crocker  on  the  "Usk  of 
Storage  Batteries  in  Electric  Liohtino." 

The  function  of  accumulators  is  to  receive  electrical  energy 
at  one  time  or  place,  and  to  ffive  it  out  at  some  other  time  or  place. 

The  principal  uses  to  which  they  may  be  put  in  electric  light- 
ine:  are  the  following :  r  -  i 
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1.  To  enpply  portable  electric  lamps. 

2.  To  take  up  fluctuations  and  thus  steady  the  voltage  or 
current. 

8.  To  furnish  energy  during  certain  hours  of  the  day  or  night 
and  enable  the  machinery  to  be  stopped. 

4.  To  aid  the  generating  plant  in  carrying  the  heavier  load 
which  usually  exists  for  only  an  hour  or  two. 

6.  To  make  the  load  on  the  engines  more  uniform  by  charging 
the  battery  when  the  load  is  light 

6.  To  transform  from  a  higher  to  a  lower  potential  by  charging 
the  cells  in  series  and  discharging  it  in  parallel,  or  vice  versa. 

7.  To  subdivide  the  voltage  and  enable  a  three  or  a  iive-wire 
system  to  be  operated  with  a  single  dynamo. 

8.  To   supply    current    from    local    centers    or   sub-stations. 
Each  of  tnese  applications  will  be  considered  separately  in  the 

above  order. 

1.  Portable  accumulators, — The  accumulator  is  practically 
the  only  means  of  supplying  portable  electric  lamps  or  those 
which  are  not  connected  to  a  dynamo  even  if  they  are  stationary. 

The  primary  battery  is  expensive  and  troublesome  to  operate, 
and  it  has  never  been  commercially  successful  for  electric  lighting, 
except  where  only  a  few  small  lamps  are  required.  Nor  is  there 
any  other  satisfactory  primary  source  of  electrical  energy  except 
the  dynamo  driven  by  mechanical  power.  It  is  therefore  practi- 
cally essential  to  adopt  accumulators  wherever  portable  electric 
lamps  are  used. 

Tne  serious  drawback  with  portable  accumulators  is  their  great 
weight.  For  example,  a  standard-  size  which  weighs  100  pounds, 
yields  ten  volts  and  five  amperes,  ot  50  watts  for  ten  hours,  which 
is  just  sufficient  te  feed  one  ordinary  incandescent  lamp  of  16 
candle  power.  This  weight  would  be  prohibitive  in  most  cases 
in  which  the  only  way  te  carry  the  battery  w^as  by  hand,  but  it 
might  be  allowable  for  lighting  railroad  trains,  where  the  weight 
would  not  be  so  objectioniable. 

Their  great  weight  would  also  discourage  in  most  instances  the 
use  of  accumulators  for  supplying  lamps  in  places  which  are  not 
connected  te  a  generating  plant,  the  batteries  being  carried  back 
and  forth  from  a  charging  station.  This  method  might  be  re- 
sorted to  on  special  occasions,  such  as  a  fete,  to  which  ordinary 
commercial  limitations  do  not  apply,  but  for  regular  lighting  it 
would  be  troublesome  and  expensive. 

Small  accumulators  are  used  to  feed  miniature  lamps  for  medi- 
cal or  dentar  purposes,  in  which  case  their  weight  is  not  a  serious 
difficulty  in  view  of  the  importance  of  the  work  and  the  small 
amonnt  of  energv  required.  Small  batteries  are  also  employed 
for  theatrical  lighting  eflfects  in  which  the  lamps  and  batteries  are 
carried  by  the  performers  when  it  it  is  not  convenient  to  supply 
lamps  by  a  wire  connection. 

2.  Accumxdators  for  preventing  fiuctuati  on  s^  due  to  unsteadi- 


Digiti 


ized  by  Google 


^4  810BAQE  BATTERY  APPLICATIONS.  X^oy,  ^ 

ness  in  the  driving  power,  are  often  applied  successfully.  A  dy- 
namo driven  by  a  gas  engine,  for  example,  may  vary  periodically 
in  speed  because  of  the  explosive  action  of  the  gas  in  tne  cylinder^ 
and  a  battery  connected  in  parallel  with  the  dynamo  will  have  the 
effect  of  steadying  the  voltage,  fiat  improvements  in  design  an4 
construction  tend  to  reduce  unsteadiness  of  speed,  and  by  the  use 
of  a  heavy  fly-wheel,  and  an  elastic  connection  between  the  engine 
and  dynamo,  the  result  is  sufficiently  satisfactory  in  most  cases  to 
make  a  battery  unnecessary.  An  accumulator  is  generally  in- 
stalled in  connection  with  a  small  gas  engine  lighting  plant,  to 
enable  the  engine  to  be  stopped  for  a  considerable  portion  of  the 
time  and  thus  save  labor  and  attention,  in  which  case  the  battery 
may  also  act  to  prevent  fluctuations,  but  its  principal  function  is 
the  former  one  which  will  be  considered  next. 

A  windmill  electric  lighting  plant  absolutely  requires  an  accu- 
mulator or  some  other  means  of  storing  energy  not  only  to  elim- 
inate fluctuations  in  speed  which  are  constantly  occurring,  but 
also  to  bridge  over  the  considerable  periods  of  calm  weather. 

3.  AccumiUators  to  enable  machinery  to  be  stopped  during  Qer- 
tain  portions  of  the  day  or  night.  The  advantage  of  this  appli- 
<»ttion  depends  upon  the  fact  tnat  in  almost  every  electric  lighting 
plant  there  are  long  periods  during  the  day  and  late  at  night 
when  the  number  of  lamps  lighted  is  so  small  that  it  may  not  pay 
to  run  the  generating  machinery. 

This  plan  also  allows  the  machines  to  rest  and  cool  down  whicU 
greatly  facilitates  cleaning  and  repair.  In  a  hotel,  residence,  or 
on  board  of  a  yacht  it  may  also  be  very  desirable  to  stop  the  ma- 
chinery and  avoid  the  vibration  and  noise  during  the  night.  On 
the  other  hand,  the  addition  of  an  accumulator  to  an  electrical 
plant  renders  the  latter  heterogeneous,  since  the  battery  and  its 
management  differ  so  radically  from  the  machinery  and  thehandr 
ling  of  the  same.  It  must  also  be  remembered  that  the  total  in- 
vestment is  increased  by  the  cost  of  the  battery  and  its  accommo- 
dation, because  the  generating  plant  is  perfectly  able  to  carry  the 
load  put  upon  the  battery,  since  by  hypothesis,  this  load  is  a  li^ht 
one.  Hence  the  machinery  might  be  run  all  the  time,  in  wluch 
case  the  battery  would  be  entirely  unnecessary  and  sufficient  rest 
for  the  machinery  could  be  secured  by  using  different  machinea 
for  the  periods  of  light  load  on  successive  days.  These  state- 
ments are  based  upon  the  supposition  that  the  battery  is  not  used 
to  help  the  dynamos  at  the  time  of  maximum  load,  since  this  case 
will  now  be  considered  separately. 

4.  Accuinvlatora  to  aid  in  carrying  the  maximum  load, — If 
accumulators  are  substituted  for  a  certain  portion  of  the  dynamo 
capacity,  the  question  arises  whether  the  substitution  secures  any 
advantage.  In  regard  to  first  cost,  authorities  differ  widely. 
These  discrepancies  probably  arise  from  the  confusion  between 
K.  w.  and  K.  w.  hour  of  output.  Most  accumulators  have  a  nor- 
mal time  of  discharge  of  about  10  hours,  hence  the  cost  per  k.  w. 
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hour  is  only  one-tenth  of  the  cost  per  k.  w.  of  ontpnt,  and  thiR 
would,  of  course,  vary  with  any  change  in  the  time  of  discharge. 
In  many  cases  it  is  specious  and  leads  to  mistakes,  to  speak  of 
K.  w.  hours,  to  appreciate  which  fact  we  have  only  to  realize  that 
the  K.  w.  hour  capacity  of  a  dynamo  is  almost  infinite,  since  it 
might  run  for  twenty  years.  The  actual  k.  w.  of  output,  or  in 
short,  how  many  lamps  can  be  simultaneously  fed,  is  the  question 
in  electric  lighting.  Moreover,  in  most  cases,  the  time  of  dis- 
charge of  an  accumulator  is  unnecessarily  long,  and  this  is  par- 
ticularly true  when  it  is  used  to  help  carry  the  heavy  load  which 
usually  lasts  only  one  or  two  hours.  In  this  case  the  remaining 
hours  of  available  discharge  are  of  little  or  no  use.  If  it  be  at- 
tempted to  discharge  more  rapidly,  both  the  capacity  and  efficiency 
are  reduced,  and  in  many  types  the  condition  and  very 
life  of  the  battery  are  injuriously  affected  by  a  high  rate  of  dis- 
charge. What  is  needed  for  the  maximum  load  or  "  peak  of  the 
load  diagram  "  is  an  accumulator  with  a  normal  time  of  discharge 
of  two  or  three  hours  and  having  a  correspondingly  smaller  first 
cost,  bulk  and  weight,  that  is,  about  one-quarter  of  those  of  the 
Ordinary  forms  of  battery,  but  certain  types  of  cell  are  capable  of 
discharging  at  this  rate.  It  is  evident  that  the  time  of  charging^ 
need  not  be  made  as  short  as  that  of  discharging,  if  it  hap- 
pens to  be  more  convenient  to  charge  less  rapidly. 

The  use  of  accumulators  to  enable  the  macninery  to  be  stopped, 
which  is  a  case  already  discussed,  usually  demands  a  time  of  dis- 
charge of  from  10  to  14  hours,  which  agrees  quite  well  with  the 
normal  discharge  rate  of  the  ordinary  forms  of  battery,  but  even 
then  the  time  is  unnecessarily  long,  since  the  average  rate  of  dis- 
charge would  rarely  exceed  one-half  of  the  maximum  rate.  Con- 
sequently the  battery  would  either  be  incompletely  discharged,  or 
the  rate  would  have  to  be  made  excessive  at  certam  times. 

5.  Accumvlators  to  maintain  uniform  load  on  tJie  engines. — 
Steam  ei^nes  are  very  inefficient  at  light  loads.  This  ineffici- 
ency, in  feet,  is  one  ot  the  chief  sources  of  loss  in  an  electric 
lighting  plant,  and  the  principal  object  of  the  engineer  who  de- 
signs and  operates  a  station  should  be  to  reduce  this  waste  to  a 
minimum.  The  accumulator  is  the  most  important  means  of  ac- 
complishing this  result,  although  there  are  other  methods  such  as 
gas,  thermal  (hot  water)  and  steam  storage,  all  of  which  have 
been  carefully  compared  by  Mr.  Nelson  W .  Perry  in  a  paper 
before  the  National  Electric  Light  Association,  Febiniary,  1895, 
"  Storage  of  Energy  Essential  to  Economy  of  Working  Central 
Stations."  Judicious  selection  of  the  number  and  sizes  of  the 
engines  would  enable  them  to  be  worked  at  a  considerable 
fraction  of  their  full  capacity  nearly  all  of  the  time,  and  it 
would  seem  that  the  same  care  that  would  be  reauired  to  manage 
the  battery  might  enable  this  to  be  accomplisned.  Neverthe- 
less the  accumulator  gives  more  flexibility  to  the  plant,  and 
where  introduced  it  often  seems  to   considerably  increase  the 
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economy  of  the  engineg  by  making  their  load  more  uniform  and 
nearer  their  full  capacity.  According  to  the  iigures  given  by 
Mr.  Perry  in  the  paper  cited  above,  an  electrical  horse  power 
costs  $48.68  per  annum  when  developed  steadily,  and  costs 
$117.78  per  annum  with  a  variable  load  similar  to  that  of  an 
electric  liffht  station,  that  is,  the  latter  costs  about  2.4  times  as 
much  as  the  former.  This  ratio  seems  very  high,  but  is  borne  out 
bv  statistics^  which  give  a  very  large  coal  consumption  for  most 
electric  light  stations. 

Under  these  circumstances  almost  any  method  of  making  the 
engine  loads  more  uniform,  should  increase  the  economy  of  work- 
ing. Doubtless  an  accumulator  would  benefit  any  plant  in  which 
an  engine  runs  for  any  considerable  portion  of  the  time  at  less 
than  half  of  its  full  power. 

If  a  plant  is  so  small  that  it  contains  only  one  engine,  it  may  be 
necessary  to  run  it  a  great  deal  of  the  time  far  below  its  full  load. 
But  even  with  two  engines  it  is  generally  possible  to  select  the 
sizes  so  that  the  smaller  one  runs  economically  during  the  periods 
of  light  load,  the  larger  one  alone  is  suited  to  medium  loads,  and 
both  are  used  for  the  maximum  output,  the  times  during  which 
any  engine  is  very  much  underloaded  being  very  short.  With  a 
greater  number  of  units,  it  becomes  still  easier  to  properly  appor- 
tion the  load,  and  when  there  are  five  or  more  engines  as  is  usually 
the  case  in .  large  stations,  the  loss  from  this  cause  should  be 
trifling.  To  be  sure  the  waste  of  energy  which  occurs  from 
using  boilers  for  variable  loads  still  remains,  but  according  to  the 
figures  given  by  Mr.  Ferry  this  is  less  than  that  due  to  the  engines, 
and  general  experience  shows  this  to  be  true. 

6.  AccumulMors  usf:d  as  transformers, — If  the  cells  of  a 
battery  are  arranged  in  series  while  being  charged,  and  in  parallel 
for  discharging,  a  high  voltage  current  will  be  required  for 
charging  and  a  low  voltasje  current  will  be  given  out.  The  total 
amount  of  energy  measured  in  watts  is  the  same  minus  the  loss 
of  15  or  20  per  cent,  which  always  occurs  in  accumulators.  The 
result  is  similar  to  that  obtained  by  an  alternating  current  trans- 
former or  motor-dynamo.  Such  a  method  of  transformation  of 
potential  might  be  employed  in  connection  with  long  distance  trans- 
mission of  energy,  the  current  being  sent  over  the  line  at  high  voltage 
and  converted  to  low  voltage  by  accumulators  for  local  distribu- 
tion. For  potentials  of  several  thousand  volts  which  are  com- 
monly employed  in  transmitting  long  distances,  the  number  of 
cells  required  would  be  so  great  as  to  make  this  of  doubtful 
practicability  compared  with  the  ordinary  stationary  or  rotary 
transformers,  but  it  would  give  uniformity  in  load  and  other 
advantages  which  may  be  secured  by  the  storage  of  energy. 

7.  Accamulators  used  for  suhdi^idhw  voltage.  —This  appli- 
cation is  similar  in  principle  to  the  preceding.   The  most  import- 

1.  See  Report  of  Committee  on  Data  to  National  Electric  Light  Association, 
Electrical  World,  March  2d,  1895,  p.  27a 
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ant  practical  case  is  that  in  which  a  dynamo  of  220  volts  charges 
a  battery  of  corresponding  potential,  a  three-wire  aystem  being 
supplied  from  the  battery,  the  neutral  wire  of  which  is  connected  lo 
the  middle  point  of  the .  battery.  This  arrangement  avoids  the 
necessity  of  running  two  dynamos,  and  allows  the  battery  to  be 
placed  in  a  substation  near  the  districts  to  be  supplied,  so  that  it 
IS  only  necessary  to  run  two  conductors  to  that  point  instead  of 
three.  The  same  principle  may  be  applied  to  the  five- wire 
system. 

8.  A  ccumulator  sub-stations. — The  plan  of  installing  battery 
plants  at  local  centers  which  are  chargea  from  the  main  station, 
enables  some  of  the  conductors  to  be  saved  in  a  three  or  five- wire 
system,  as  already  stated.  It  also  makes  it  possible  to  reduce  the  size 
of  these  conductors,  because  the  current  which  flows  over  them 
can  be  kept  practically  constant,  so  that  it  is  not  necessary  to  have 
them  large  enough  to  carry  the  maximum  current  consumed  by 
the  lamps  which  may  be  several  times  the  average  value.  This, 
of  course,  gives  the  same  steady  load  on  the  generating  machinery 
as  if  the  battery  were  located  near  it. 

The  batteries  at  the  various  sub-stations  may  be  connected  and 
charged  in  series  or  in  parallel.  The  former  plan  is  similar  to 
case  6  and  would  require  far  less  copper  in  the  conductors, 
since  the  voltage  is  multiplied  by  the  number  of  batteries  in 
series,  and  the  current  is  the  same  as  for  a  single  battery. 
On  the  other  hand,  this  high  difference  of  potential  would 
exist  between  the  first  and  the  last  batteries  of  the  series,  and 
if  either  of  them  became  grounded,  any  person  connected 
to  the  earth  and  touching  a  wire  supplied  by  the  other 
battery  would  receive  a  shock  due  to  the  total  voltage.  This 
would  demand  that  the  maximum  difference  of  potential  should 
not  exceed  500  volts,  or,  in  other  words,  four  batteries  of  110  to 
125  volts  each,  might  be  charged  in  series  and  could  be  connected 
to  the  lamp  circuits  at  the  same  time.  This  would  practically 
amount  to  a  five- wire  system  using  accumulators  to  subdivide  the 

Jotential  as  explained  in  case  7.  if  the  batteries  were  entirely 
isconnected  from  the  lamp  circuits  while  being  charged,  the 
latter  would  be  free  from  danger  of  the  high  pressure  which 
might  therefore  be  1,0(»0  or  2,0i)0  volts  if  desired,  the  batteries 
being  charged  during  the  day  and  supplying  the  lamps  at  night. 
For  continuous  working,  two  batteries  would  be  necessary.  Ac- 
cumulator sub-stations  not  only  save  copper  in  the  feeders  but 
also  reduce  the  cost  of,  and  lost  voltage  in  the  distributing  con- 
ductors because  the  batteries  can  be  placed  near  the  lamps  to  be 
supplied  with  current. 

Accumulators  used  for  two  or  more  of  the  above  named  pur- 
poses.— Each  of  the  different  uses  of  the  storage  battery  has  been 
considered  separately,  to  avoid  the  confusion  with  which  this  sub- 
ject is  often  beset,  but  as  a  matter  of  fact  the  employment  of  the 
accumulator  for  several  of  these  purposes  is  the  most   common 
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practice.  By  thus  combining  these  different  applications,  the 
plant  may  be  rendered  not  only  more  economical  bnt  also  much 
more  flexible.  For  example,  the  battery  may  be  utilized  to  help 
out  the  generating  machinery  at  times  of  heavy  load  or  when  the 
latter  is  partially  or  wholly  disabled.  It  often  happens  that  it  is 
difficult  to  produce  or  maintain  sufficient  steam  pressure  owing 
to  poor  draught  or  other  circumstances,  in  which  event  a  battery 
enables  the  boilers  to  be  temporarily  relieved  of  some  or  all  of  the 
drain  upon  them  while  the  pressure  is  being  raised  to  the  proper 
point.  It  may  also  be  necessary  or  desirable  to  shut  down  the 
machinery  or  a  portion  of  it  for  a  few  minutes  to  make  some  re- 
pair, adjustment  or  change  of  arrangement,  connection,  etc. 

It  is  also  possible  to  feed  some  of  the  circuits  from  the  battery, 
while  the  otners  may  be  supplied  at  a  higher  or  lower  voltage  by 
the  machinery.  In  these  and  many  other  ways  an  accumulator 
may  be  a  very  convenient  adjunct  to  an  electric  lighting  system. 
The  fact  that  it  is  so  radically  different  from  the  machinery  in  its 
nature  and  action,  makes  it  very  unlikely  that  the  entire  plant 
will  be  crippled  at  any  one  time,  since  the  two  sources  of  current 
are  not  exposed  to  the  same  dangers.  An  accident  to  the  steam 
piping,  for  instance,  might  shut  down  all  of  the  machinery  but  it 
probably  would  not  affect  the  battery,  and  vice  versa  an  accident 
to  the  latter  is  not  likely  to  extend  to  the  former. 


Communication  by  Carl  Hering  on   "  Past  and  Present 
Obstacles  in  the  Storage  Battery  Development." 

The  great  and  numerous  advantages  of  a  satisfactory  electric 
storage  battery  have  been  described  so  often,  and  are  so  well  re- 
cognized and  admitted  by  the  unbiased,  that  it  seems  unnecessary 
to  again  enumerate  and  discuss  them  here:  The  question  which 
the  engineer  and  constructor  should  discuss  at  present  is  not  "  Is 
a  battery  desirable  ? "  [but  rather  ''  Why  is  it  that  storage  bat- 
teries seem  to  have  been  unsatisfactory  ? "  and  the  question 
which  concerns  the  capitalist  is  "  Does  it  pay  in  dollars  and  cents  to 
use  the  storage  battery  even  if  it  is  kept  in  a  satisfactory  condi- 
tion by  the  makers  ? " 

The  latter  question  can  be  disposed  of  here  in  a  few  words.  If 
the  makers  guarantee  to  keep  the  battery  in  a  satisfactory  condi- 
tion for  a  certain  rate  per  annum,  or  if  they  rent  them,  then  it 
becomes  a  mere  matter  of  calculation  to  find  whether  it  pays  or 
not ;  but  this  calculation  must  be  made  for  each  specific  case,  as 
the  cost  of  the  batteries  and  their  maintenance  seem  at  present  to 
be  such,  that  an  estimate  for  a  general  case  can  hardly  be  con- 
sidered conclusive,  the  margin  being  in  many  cases  too  smalL 
In  some  specific  cases  it  will  be  found  to  be  decidedly  cheaper, 
in  some  it  will  be  doubtful,  and  in  some,  decidedly  too  ex- 
pensive.   Limiting  ourselves  to  this  country  and  judging  in  a  gen* 
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eral  way  from  the  number  of  storage  battery  installations,  it  would 
seem  that  the  price  at  present  (including  of  course  the  cost  of 
maintenance)  is  such  that  in  perhaps  the .  majority  of  cases  the 
margin  of  profit  to  the  user  is  so  small  or  so  doubtful,  that  it  does 
not  balance  the  supposed  risk.  The  commendable  practice  of 
renting,  relieves  the  purchaser  of  this  risk,  which  then  leaves  the 
question  a  mere  matter  of  cost.  A  material  reduction  in  the  first 
cost  and  cost  of  maintenance,  would  therefore  at  once  turn  the 
tables  in  many  cases  so  decidedly  in  favor  of  the  storage  battery^ 
that  there  would  be  little  doubt  left  as  to  the  economy,  and  it 
would  render  the  practice  of  renting  unnecessary  in  most  cases* 
Cheapness,  therefore,  is  one  of  the  most  important  points  whict 
affect  the  outlook  of  the  storage  battery. 

To  return  to  the  first  question  "  why  is  it  that  storage  batteries 
seem  to  have  been  unsatisfactory"  we  must  limit  ourselves  to  this 
country,  as  probably  thousanas  of  tons  are,  and  have  been  in 
successful  use  abroad.  In  Germany  for  instance,  almost  every 
one  of  the  large  continuous  current  central  stations  is  equipped 
with  a  battery  plant ;  in  England  they  are  used  very  largely  for 
private  plants,  as  also  for  central  stations ;  an  English  firm  recently 
claimed  to  have  sold  a  total  of  "six  miles"  of  accumulators 
pl(fced  in  one  continuous  row,  and  a  French  firm  is  stated  to 
make  several  tons  a  day. 

The  chief  reason  why  so  few  storage  battery  plants  exist  in  this 
country,  seems  to  have  been  that  the  accumulator  companies  have 
for  years  been  so  busy  figjhting  each  other's  patents  and  have 
spent  so  much  money  in  this  litigation,  that  they  have  had  neither 
time  or  money  left  to  manufacture  and  install  their  batteries.^ 
But  all  this  litigation  has  now  come  to  an  end,  thanks  to  an  enter- 

!)rising  company  which  has  bought  up  all  the  little  life  that  is 
eft  of  these  historic  "  pasted  plate  "  patents.  This,  together  with 
the  fact  that  it  is  now  conceded  by  many  authorities  that  for 
many  if  not  most  purposes  the  unpatented  Plante  type  of  cell  is 
the  better,  removes  the  chief  obstacle  in  the  storage  battery 
development  in  this  country.  The  fact  that  the  companies  have 
been  too  busy  with  litigation  to  attend  to  legitimate  business,  has^ 
shaken  the  confidence  of  the  public  who  naturally  ask  "  where 
are  your  batteries  in  use,"  the  only  and  unsatisfactory  answer  to 
which  is  ^''  abroad."  Much  ''  missionary  work  "  must  first  be  done 
before  public  confidence  will  be  restored,  and  let  us  hope  that  the 
recently  started  "rental"  companies  will  soon  accomplish  this* 
It  is  up-hill  work,  but  prospects  at  present  seem  bright  and 
encouraging. 

As  the  patent  question  has  now  been  settled,  and  as  cells  of  the 
Plante  type  have  now  been  developed  into  practical  forms,  the 
storage  battery  outlook  at  present  lies  largely  in  the  hands  of  the 
constructing  engineer,  and  we  should  therefore  look  at  the 
question  from  this  standpoint. 

The  storage  battery  has  for  years  had  the  reputation  of  being 
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like  a  delicate,  sickly  baby,  continually  threatened  with  half-a- 
dozen  diseases,  and  requiring  the  constant  attendance  of  a  trained 
nurse,  besides  the  fatherly  care  and  large  purse  of  its  manufacturer. 
To  the  user  the  five  chief  diseases  of  the  accumulators  appear  to 
be:  buckling,  short-circuiting,  sulphating,  disintegration  and 
dropping  out  of  the  peroxide.  Many  inventors  have  thought 
that  most  of  these  may  be  made  uninjurious  by  a  process  of 
opposing  or  resisting  tlieir  disastrous  effects,  as  distinguished 
from  preventing  their  occurrence,  although  the  term  "preventing" 
has  incorrectly  been  used  to  describe  it.  Buckling  has  been 
opposed  by  main  strength  and  sometimes  awkwardness;  short-cir- 
ouiting  by  porous  insulating  sheets  between  the  plates ;  falh'ng 
out,  by  enclosing  or  locking  the  peroxide  so  that  it  cannot  drop 
out,  etc.  Whether  and  how  far  such  heroic  methods  have  been 
successful  can  be  determined  only  by  tests,  but  it  seems  to  the 
writer  that  many  of  the  methods  are  like  curing  corns  by  cutting 
off  one's  feet;  the  cures  may  be  effective,  but  can  hardly  oe  called 
satisfactory.  To  attempt  to  prevent  the  almost  irresistible  force 
of  expansion  of  the  peroxide  from  exercising  it-self,  by  confining 
the  material  in  an  inelastic  lead  frame,  is  a  formidable  and  it  seems, 
an  almost  hopeless  task ;  the  inevitable  result  is  that  one  or  the 
other  must  give  way ;  if  it  is  the  peroxide,  it  will  ultimately  'be 
crumbled  by  the  pressure ;  if  it  is  tne  lead,  there  will  probably  be 
buckling  or  at  least  a  separating  of  the  contact  surfaces  at  the 
subsequent  contraction  of  the  peroxide,  and  this  inevitably  results 
in  the  formation  of  that  very  oDJectionable  layer  of  white  sulphate 
which  practically  insulates  the  active  material  from  its  conductor, 
the  consequences  of  which  are  sure  to  be  fatal.  The  development 
of  the  storage  battery  has  been  greatly  retarded  by  the  fact  that 
it  was  in  the  hands  of  mechanical  engineers  instead  of  chemists. 

The  careful  constructor  should  attack  the  problem  in  a  differ- 
ent way ;  he  should  go  back  to  the  beginning  to  find  out  the 
prime  causes,  and  then  prevent,  if  possible,  these  causes  from 
arising,  rather  than  to  attempt  to  oppose  their  effect  by  sheer 
force  and  awkwardness.  These  causes  seem  now  to  be  under- 
stood, and  the  question  therefore  is  how  to  prevent  them.  One 
way  is  to  supply  with  each  battery  a  printed  and  neatly  framed 
long  list  of  ''  don'ts  "  or  limitations  in  the  form  of  rules  telling 
you  what  you  must  not  do,  with  a  foot  note  attached,  saying,  that 
the  company's  guarantee  ceases  if  these  rules  are  violated.  This 
may  be  satisfactory  to  the  company  but  certainly  not  to  the  user. 
A  more  satisfactory  way  would  be  to  construct  the  plates,  if  pos- 
sible, so  that  these  prime  causes  of  trouble  cannot  arise,  no  matter 
what  mistakes  the  attendant  may  make,  or  what  emergencies  the 
battery  may  be  called  upon  to  meet  — within  reasonable  limits  of 
course.  To  discuss  all  these  prime  causes  in  detail  would  reqiure 
writing  a  treatise  on  the  subject,  but  they  may  be  summarized 
briefly,  and  their  prevention  will  then  suggest  itself. 

The  chief  evil  effects  are  apparently  caused  by  too  rapid  charg- 
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ing  and  discharging.  With  many  of  the  favorite  methods  of 
avoiding  the  effects  of  high  rates,  the  capacity  and  efficiency  at 
such  rates,  both  become  so  low  that  the  user  will  be  discouraged 
from  discharging  so  fast,  and  the  current  will  fall  so  rapidly  tliat 
it  will  have  little  chance  to  do  much  mischief.  Such  methods 
are  applicable  only  when  rapid  rates  are  never  desired,  but  those 
ca^es  are  the  exception,  rapid  rates,  or  at  least  a  provision  for 
them,  being  generally  very  desirable  and  often  essential  as  in  trac- 
tion work  for  instance  ;  such  methods  have  therefore  solved  this 
problem  only  for  a  limited  field.  What  should  be  done  is  to  try 
to  construct  the  plates  so  that  they  are  adapted  to  high  rates 
without  a  great  loss  of  efficiency  or  capacity.  It  will  l^  found 
that  in  the  majority  of  cases  in  which  the  storage  battery  would 
be  of  special  value,  it  is  a  question  of  rate  rather  than  capacity^ 
that  is,  a  great  horse  power  for  a  short  time  is  more  often  required, 
than  a  large  quantity  of  energy  delivered  at  a  slow  rate;  it  seems 
from  a  number  of  cases,  al)out  which  the  writer  has  recently  been 
consulted,  that  any  capacity  above  that  which  is  obtained  at  a 
one,  two  or  three  hour  discharge  is  generally  of  comparatively 
little  value. 

To  study  the  effects  of  rapid  discharges  it  must  be  remembered 
that  the  acid  is  as  important  as  the  lead  oxides  ;  when  its  density 
falls  too  low  there  will  be  a  lowering  of  the  e.  m.  f.;  Acid  is  with- 
drawn from  the  solution  during  discharge,  hence  the  diluted  acid  in 
the  fine  pores  of  the  active  material  must  get  out,  and  denser  acid 
must  get  in  ;  but  the  only  force  which  does  this  is  the  difference 
between  their  specific  gravities,  and  as  this  is  very  small,  the  force 
will  be  small  and  therefore  the  circulation  will  be  slow,  which  in 
turn  reduces  the  e.  m.  f.  The  chemical  action  will  therefore  be 
confined  chiefly  to  the  external  surface,  which  is  freely  exposed 
to  the  acid,  and  the  action  then  becomes  so  great  per  unit  of  sur- 
face, that  white  sulphating,  6r  better,  complete  sulphating,  takes 
place.  If  a  rapid  discharge  is  not  to  injure  the  plates  nor  lower 
the  voltage  by  reason  of  tlie  acid  in  the  pores  becoming  too  dilute, 
the  circulation  must  be  rapid;  great  porosity  accomplishes  this  part- 
ly, but  is  attended  by  frailty  and  poor  conductivity  of  the  peroxide, 
which  again  results  in  a  fall  of  the  voltage.  The  ideal  method 
would,  therefore,  seem  to  be  a  vertical  lead  plate  to  act  as  a  good 
conductor  with  an  extremely  large  surface  and  a  very  thin  layer 
of  peroxide  on  it,  freely  exposed  to  a  large  quantity  of  acid, 
which  is  capable  of  circulating  rapidly.  That  such  a  plate  may 
be  made  to  have  a  greater  capacity  per  pound  of  plate  for 
rapid  discharges  and  perhaps  an  equal  one  for  slow  discnarges,  as 
compared  with  the  best  thick,  porous  plates,  has  been  shown  by  ex- 
periments. The  great  capacity  is  doubtless  due  to  the  fact  that  the 
active  material  is  more  completely  utilized,  as  it  is  all  close  to  the 
conductor  and  freely  exposed  to  the  acid.  The  capacity  of  such 
a  plate  will  evidently  be  affected  only  slightly  by  the  rate,  and  the 
loss  of  voltage  and  therefore  the  watt  efficiency  will  depend  more 
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on  the  conductivitjjr  of  the  lead,  than  on  the  acid  becoming  too  di- 
lute in  the  immediate  neighborhood  of  the  active  material.  To 
obtain  high  rates  accompanied  by  good  efficiency  and  capacity^ 
there  is  little  donbt  that  the  best  way  is  to  nse  large  freely  exposed 
sorfaces,  rather  than  to  try  to  resist  the  evil  effects  of  high  rates, 
mechanically. 

Id  rapid  charging,  the  acid  becomes  too  dense  in  the  pores  of  a 
thick  mass  of  active  material  if  the  circulation  does  not  keep 
pace  with  the  demand  ;  this  dense  acid  softens  the  peroxide  and 
there  is  a  tendency  to  form  gases  when  the  proper  chemical  ac- 
tion cannot  keep  pace  with  the  current.  Both  the  softening  of 
the  peroxide  and  the  mechanical  effects  of  the  gases  are  injurious. 
What  was  said  regarding  porosity  and  the  ideal  plate  applies 
therefore  also  to  the  charging. 

The  negative  plates  being  solt  and  tough,  are  not  so  easily  in- 
jured, but  unless  the  acid  can  circulate  very  freely;  there  will  still 
be  a  loweiing  of  the  voltage  like  with  the  positive  plates,  and 
probably  also  a  lowering  ot  the  ampere-hour  capacity. 

The  contact  between  the  peroxide  and  its  conductor  mast  be 
very  good,  for,  if  poor,  then  a  white  sulphate  forms  at  the  sur- 
face, which  practically  produces  an  insulating  layer  and  disast- 
rous effects  are  then  inevitable.  The  ideal  contact  is  obtained 
when  the  peroxide  is  formed  on  the  lead  electrolytically,  as  in  the 
Plants  processes. 

The  peroxide  will  insist  on  expanding  during  the  discharge, 
and  on  contracting  during  the  charge.  It  would  be  much  better 
to  accept  this  as  an  inevitable  fact  than  to  try  to  keep  the  ma- 
terial from  obeying  the  laws  of  nature  by  forcibly  confining  it 
within  an  inelastic  frame,  as  many  inventors  have  attempted  to 
do ;  the  results  of  such  an  attempt  have  already  been  described. 
To  hold  a  large  mass  of  active  material  firmly  in  contact  with  a 
lead  conductor,  when  one  expands  and  contracts,  while  the  other 
does  not,  or  expands  without  afterwards  contracting  again — is  a 
difficult  matter.  The  best  solution  seems  to  be,  to  have  the  active 
material  in  the  form  of  an  extremely  thin  layer  over  a  large  surface, 
and  formed  from  the  lead  itself,  as  this  mcreases  its  adhering 
properties.  If  such  a  layer  can  be  made  porous,  and  if  the  surface 
18  made  up  of  small  facets,  there  will  be  little  tendency  to  buck- 
ling or  scaling. 

The  gradual  washing  away  of  the  surface  of  the  peroxide,  and 
the  slow  peroxidation  and  consequent  disintegration  of  the  lead 
support,  seem  to  be  absolutely  unavoidable.  Until  some  pre- 
ventive is  found,  if  it  ever  will  be,  it  seems  wisest  to  accept  the 
inevitable  and  acknowledge  that  the  positive  plates  are  perisnable. 
To  use  any  other  metals  or  carbon,  is  out  of  the  question ;  the  ad- 
dition of  antimony  to  the  lead  seems  to  retard,  but  does  not  pre- 
vent peroxidation.  The  favorite  method  of  trying  to  avoid  the 
effects  of  disintegration,  is  to  make  the  frames  of  the  positive 
plates  quite  thick,  thus  prolonging  their  life.     This,  if  not  ao- 
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companied  by  other  disadvantages,  may  be  satisfactory  for  sta- 
tionary plants  in  which  the  great  additional  weignt  is  no 
hindrance,  the  only  objection  to  it  being  the  cost  of  the  metal, 
which  is  no  small  factor  in  the  total  cost  of  the  plate.  But  such 
a  method  is  certainly  not  satisfactory  for  cheap  or  portable  cells, 
and  the  gradual  washing  away  of  the  peroxide  remains  the  same 
whether  the  frame  is  heavy  or  light,  provided  that  the  surface 
exposed  to  the  liquid  is  the  same. 

But  there  is  another  way  of  meeting  those  unavoidable  eflFects 
of  use,  which  has  recently  been  applied,  and  which  seems  to  be  a 
much  more  rational  and  effective  solution  of  this  vexed  problem, 
at  least  when  lightness  and  smaller  tirst  cost  are  desired.  Instead 
of  making  the  positive  plates  heavy  and  expensive,  they  may  be 
made  very  light,  cheap  and  easily  replacable ;  their  life  may  then 
be  shorter,  but  the  battery  will  be  as  good  as  new  whenever  these 
perishable  parts  have  been  renewed  ;  their  life  is  soon  known  to  the 
user  and  he  can  then  readily  determine  for  himself  how  much  he 
must  allow  for  amortization.  Anyone  who  has  urged  the  use  of 
accumulators  will  appreciate  the  great  value  of  oeing  able  to 
satisfy  the  user  as  to  tne  amortization  factor.  A  purchaser  will 
believe  you  if  you  admit  that  the  life  of  the  perishable  parts  will 
be  comparatively  short,  but  he  will  not  believe  you  if  you  sav  it 
will  be  long,  even  if  you  are  telling  the  truth.  But  such  a  method,  to 
be  successful,  requires  that  the  old  plates  and  sludge  can  be  con- 
verted at  a  small  cost  into  new  plates  ;  this  it  seems  can  now  be 
done,  and  the  writer  believes  that  this  alone  will  have  a  very  im- 
portant bearing  on  the  outlook  of  the  storage  battery,  at  least  for 
portable  cells  as  are  required  for  traction  and  many  other  pur- 
poses, or  for  both  portable  and  stationary  plants  if  the  first  cost 
IS  an  important  factor.  Such  a  method  becomes  practicable  only 
when  the  chief  factor  in  the  cost  of  the  plate  is  the  material,  the 
cost  of  labor  and  forming  being  small. 

For  stationary  purposes,  in  which  the  only  objection  to  the 
weight  is  the  first  cost  of  the  lead,  good  storage  batteries  have 
been  used  abroad  with  success  for  some  time,  provided  the  rates 
of  charge  and  discharge  are  kept  low.  Assuming  that  the  same 
storage  oatteries  may  be  made  in  this  country  as  well,  the  ques- 
tion which  affects  the  outlook  here,  is  then  only  one  of  the  cost 
But  neither  abroad  nor  here,  does  there  seem  to  be  a  battery  in 
the  market  in  which  the  weight  has  been  sufficiently  reduced,  and 
the  rate  sufficiently  increased,  for  a  really  successful  traction  bat- 
terv,  the  success  of  which  has  been  demonstrated  beyond  dispute. 
It  IS  here  assumed  that  to  the  public  and  to  railway  companies, 
traction  batteries  are  not  a  demonstrated  success  until  a  traction 
company  which  has  no  affiliation  with  the  accumulator  makers, 
finds  it  to  its  own  advantage  to  use  them  in  preference  to  other 
systems.  That  accumulator  traction  is  the  ideal  system  has  been 
repeatedly  acknowledged  by  good  authorities,  and  that  this  field 
for  batteries  is  very  large  and  perhaps  larger  than  that  for  station- 
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arj  work,  is  likely.  The  large  first  cost  and  cost  of  maintenance 
of  the  overhead  construction  iFor  trolley  roads,  the  large  power 
station  required,  and  the  threatened  damages  done  by  electrolysis, 
would  doubtless  turn  the  tables  in  favor  of  the  storage  battery  for 
many  long  roads  on  whicli  traflBc  is  not  too  dense,  and  possibly 
also  for  many  suburban  steam  roads. 

It  seems  to  the  writer  that  the  only  batteries  which  have  a 
promising  outlook  for  this  verv  trying  work,  are  those  which  have 
a  very  large  surface,  very  small  depth  of  active  material  formed 
electrolytically,  and  a  very  free  circulation  of  the  acid.  The 
lead  frames  should  be  made  only  thick  enough  for  proper  con- 
duction, the  batteries  must  be  cheap  in  first  cost,  and  the  positive 
plates  should  be  capable  of  being  replaced  comparatively  fre- 
quently at  small  cost.  They  should  be  proportioned  so  that  a 
discharge  corresponds  to  one  trip  of  the  car — and  only  one.  To 
claim  as  an  advantage  that  a  battery  can  run  a  car,  say  four  trips, 
is  mere  deception,  and  to  tfie  intelligent  engineer  it  is  simply  an 
admission  that  it  can  do  no.  better.  No  one  would  think  of  car- 
sying  four  relavs  of  horses  on  a  trailer  of  a  horse  car,  and  why 
should  the  equivalent  be  done  with  the  storage  battery  unless  it 
is  that  the  battery  can  do  no  better,  and  that  it  cannot  be  dis- 
charged rapidly  enough  so  that  the  capacity  and  weight  may  be 
reduced  to  that  required  to  run  only  one  trip.  The  ideal  is  cer- 
tainly a  single  trip  discharge.  If  the  rate  for  a  four-trip  battery 
could  be  increased  four  times  without  materially  aflFecting  the 
capacity,  its  weight  and  capacity  for  a  single  trip  discharge  would 
evidently  need  be  only  one-fourth  as  great.  The  charging  rate 
should  also  be  equal  in  hours  to  the  discharge  rate,  or  else 
it  will  take  a  plant  of  more  than  two  sets  of  batteries  to  a  car. 

These  various  ideals  mentioned  above  would,  have  only  a  theo- 
retical and  not  a  practical  interest,  were  it  not  for  the  fact  that 
recent  tests  have  shown  that  a  near  approach  to  them  has  appa- 
rently been  reached  ;  it  is  somewhat  premature  at  present  to  say 
more  until  the  results  of  the  tests  have  been  confirmed  by  practice. 

The  above  discussion  may  be  briefly  summarized  as  follows: 
cessation  of  litigation  and  the  development  of  the  Plants  type  of 
cells,  make  the  storage  battery  outlook  in  this  countnr  much 
brighter  \  the  cost  of  a  guaranteed  storage  battery  seems  in  many 
cases  to  be  too  nearly  equal  to  that  of  the  direct  generators  to 
encourage  their  general  adoption.  A  reduction  in  the  cost  would 
therefore  open  a  large  field,  much  larger  than  in  proportion  to 
the  reduction  ;  the  renting  of  accumulators  seems  a  commendable 
method  for  introducing  them.  Most  of  the  diseases  which  storage 
batteries  are  subject  to  could  be  avoided  or  made  much  less  dis- 
astrous by  having  large  surfaces,  small  depths  of  active  material 
and  free  circulation.  The  first  cost  would  be  reduced  and  the  vex- 
ing question  of  the  uncertain  amortization,  settled,  by  a  light, 
short-lived,  cheap  positive  plate  and  a  cheap  process  of  re-con- 
verting old  into  new  positive  plates.     Storage  batteries  for  slow 


Digiti 


ized  by  Google 


1895.]  COMMUNICATIONS.  615 

discharges  have  been  a  success  abroad ;  a  very  Jarge  additional 
field  would  be  opened  by  a  light,  cheap,  rapid-rate  cell. 

The  objection  to  a  plate  with  a  thin  layer  of  active  material,  is 
that  it  may  not  retain  its  charge  as  well  as  one  with  a  thick  layer 
or  pellets,  but  in  most  cases  in  which  rapid  rates  are  desired  or 
cannot  be  avoided,  the  small  loss  in  standing  is  probably  more 
than  balanced  by  the  fact  that  the  plates  are  not  injured  by  rapid 
rates.  As  a  rule,  long  periods  between  charges  go  hand  in  hand 
with  slow  discharges  and  less  objection  to  great  weight,  while 
short  periods  between  charges,  high  rates  of  discharges  and 
lightness,  usually  go  together. 

In  conclusion  the  writer  desires  to  take  this  opportunity  to 
make  the  following  recommendations  in  the  interest  of  engineer* 
who  may  have  to  calculate  accumulator  plants: 

That  rates  of  charge  and  discharge  be  designated  in  hours  and 
fractions,  the  current  (or  for  power  purposes,  the  watts,)  during 
that  time  being  considered  to  be  kept  constant.  There  can  then 
be  no  mistake  as  to  what  is  meant,  as  this  represents  the  time  in 
hours  during  which  a  cell  will  continue  to  give  a  practically 
constant  current  before  the  voltage  falls  below  its  limit. 

That  eflSciences  and  capacities  be  always  accompanied  by  the 
corresponding  rate  in  hours. 

That  in  giving  an  efficiency  it  should  always  be  stated  whether 
it  is  for  ampere-hours  or  for  watt-hours. 

That  for  portable  batteries  intended  for  power  purposes,  the 
capacitv  be  given  in  watt-hours  instead  of  ampere-hours  and  that 
the  weight  givien  be  that  of  the  complete  cell  ready  for  use,  as 
distinguished  from  the  weight  of  the  plates  alone. 

The  President: — We  have  a  communication  from  Mr. 
Reckenzaun  who  has  had  a  good  deal  of  experience  in  storage 
battery  matters  which  the  author  will  kindly  read. 


Communication  by  Frederick  Reckenzaun  on  "  Past  Experi- 
ence With  Storage  Batteries." 

A  discussion  of  the  storage  battery  question  by  this  Institutb 
is  so  appropriate  that  I  sincerely  regret  that  notice  thereof  reached 
me  only  a  few  hours  before  the  opening  of  the  meeting,  due  ta 
my  absence  in  Europe  whence  I  have  just  returned.  Being  thus 
able  to  make  only  a  very  brief  contribution,  couched  in  general 
terms,  1  wish  first  of  all  to  heartily  endorse  Mr.  Childs'  commu- 
nication. While  it  contains  much  that  has  often  been  pointed 
out,  advocated  and  demonstrated  in  the  past^  the  arguments 
brought  out  in  favor  of  the  storage  battery  will  l)ear  repetition 
in  view  of  the  fact  that  the  majonty  of  engineers  in  this  country 
have  hitherto  persisted  in  neglecting  to  fairly  entertain  them. 

On  the  other  hand,  it  must  be  conceded  that  there  was  cause 
for  this  neglect.     Storage  battery  manufacturers  in  this  country 
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concentrated  their  efforts  rather  upon  the  records  of  their  selling 
departments  than  upon  effecting  lasting  success  for  their  prod- 
ucts. The  tendency  was  rather  to  show  highest  capacity  and 
smallest  weight  and  bulk,  or  at  least  to  make  claims  for  these  fea- 
tures, regardless  of  the  conditions  to  be  met ;  and  the  selection  of 
type,  design  of  auxiliary  devices,  manner  of  installation  and 
methods  oi  operation  were  treated  as  if  of  secondary  importance. 
Engineers  ana  customers  in  general  considered  the  price  of  stor- 
age batteries  high,  the  manufacturers  seemed  to  agree  in  that 
feeling  and  endeavored  to  economize  in  all  that  pertains  to  the 
outfit,  to  an  extent  which,  as  we  know,  proved  detrimental  all 
round.  Through  years  of  hard  experience  gathered  by  that 
policy,  and  contrary  to  the  valuable  suggestions  offered  by  the 
work  and  success  of  our  European  colleagues,  this  state  of  affairs 
predominated  until  at  last  it  is  beginning  to  be  recognized  that 
no  less  skill,  care,  scrutiny  and  liberality  is  essential  to  success 
with  the  storage  battery  than  with  the  construction,  installation 
and  operation  of  the  plants  it  is  to  form  an  auxiliary  of.  The 
Btorage  battery  demands  as  much  consideration  as  steam  boilers, 
engines  or  the  dynamos  of  an  electric  plant.  It  resents  the  as- 
sumption that  it  may  be  treated  on  a  par  with  the  coal  bin  as  a 
storage  arrangement. 

European  electrical  engineers,  who  have  long  ago  settled  down 
to  the  placing  of  the  storage  battery  in  rank  with  other  principal 
parts  of  an  electric  plant,  and  who  are  looking  upon  this  cx)untry 
as  being  foremost  in  the  quantitative  application  of  electricity, 
wonder  why  we  stayed  so  far  behind  them  with  the  storage  bat^ 
tery  when  all  we  needed  to  do  was  to  copy  from  them  andmnlti- 
ply.  They  have  various  types  in  successful  use,  and  a  number 
of  manufacturing  establishments  are  doing  a  substantial  and  pros- 
perous business. 

It  may  fairly  be  assumed,  and  the  views  which  I  gathered  on 
the  subi'ect  tend  to  bear  out  the  assumption,  that  to  the  advan- 
tages offered  by  the  storage  battery,  is  to  no  small  extent  due  the 
fact  that  direct  current  central  stations  continue  to  largely  pre- 
dominate over  alternating  current  stations  in  Europe. 

Mr.  Childs  very  appropriately  referred  to  the  fallacy  of  taking 
the  loss  involved  m  the  storage  battery  as  the  basis  for  the  effici- 
ency for  the  entire  plant,  where  it  only  yields  a  portion  of  its 
output  to  the  latter. 

Such  erroneous  assumptions  as  this  have  helped  to  retard  the 
progress  of  the  storage  battery  here,  but  chief  of  all  drawbacks 
unquestionably  was  the  lack  of  durability,  which,  having  now 
reached  a  much  more  satisfactory  measure,  should  at  last  bring 
the  success  which  we  were  so  long  looking  for. 
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Discussion. 

Mb.  Townsend  Wolcott: — Mr.  President,!  would  first  of  all 
like  to  say  that  Mr.  Edgrar's  comraunication  is  very  important 
from  the  fact  that  he  tells  us  what  has  actually  been  done  with 
the  storage  battery.  That  is  just  exactly  what  we  wanted. 
Instead  of  saying  that  such  and  such  things  can  be  done  with 
the  storage  batteries,  he  says  such  and  such  tilings  have  been  done. 

In  regard  to  Mr.  Perry's  communication  the  point  that  I 
Avished  to  raise  was  in  connection  with  the  gas  engine.  It  seems 
to  me  extraordinarily  good  work  for  gas  engines,  this  consumption 
of  15  feet  of  gas  per  horse-power  hour.  I  heard  of  a  gas  engine 
that  ran  17  feet,  but  I  learned  by  inquiring  around  that  it  was  not 
a  very  durable  engine  or  one  that  could  be  relied  upon.  May  I 
ask  what  make  of  engine  that  is? 

Me.  Perry  : — I  think  that  all  the  manufacturers  in  this  coun- 
try will  guarantee  15  cubic  feet,  but  in  actual  practice  from  17 
to  20  or  more  are  required.  I  have  used  25  cubic  feet  of  illu- 
minatinfi^  gas  in  my  calculations. 

Mr.  Edgar: — I  would  like  to  answer  the  questions  Dr. 
Crocker  raised  ;  but  before  doing  that,  I  desire  to  call  at- 
tention to  the  point  he  made  in  regard  to  charging  accumula- 
tors in  series.  He  probably  referred  to  the  Popp  system  in 
Paris,  which  I  also  investigated  with  considerable  interest.  If 
that  system  is  used,  it  is  impossible  to  charge  and  discharge  at 
the  same  time,  unless  the  local  systems  of  distribution  are  en- 
tirely separate ;  so  that  it  could  not  by  any  possibility  be  used 
as  we  use  systems  of  distribution  in  this  country.  All  our  net- 
work is  connected  together,  and  if  our  batteries  are  to  be  charged 
in  series,  it  would  be  necessary  to  have  two  entire  sets.  This 
seemed  to  me  to  be  the  principal  drawback  of  the  system  there, 
and  it  prevented  its  extension.  It  is  impossible  to  keep  the  cir- 
cuits entirely  free  from  grounds,  and  the  results  would  be  that 
one  system  would  have  one  voltage  as  compared  with  the  ground, 
and  the  next  another,  and  the  next  another,  and  it  might  go  up 
to  two  or  three  thousand  volts. 

In  regard  to  the  question  he  asked  in  respect  to  cost,  I  have 
not  the  slightest  objection  to  giving  exact  figures  which  will 
show  upon,  what  I  base  my  statement.  In  the  old  type  of  sta- 
tion it  was  usually  customary  to  figure  that  the  entire  steam  plant 
outside  of  the  real  estate  and  the  buildings — by  steam  plant  I 
mean  the  generating  plant  in  general — cost  from  $50  to  $60  a 
horse-power.  With  tne  new  type,  high  economy  plant,  it  costs 
from  $90  to  $100  a  horse-power.  In  our  own  experience  we 
find  that  almost  exactly  true.  In  regard  to  batteries,  our  first 
battery  was  put  in  to  give  out  1,650  amperes  on  each  side  of  the 
system.  A  050  horsepower  generating  set  gives  out  1,333  am- 
peres on  each  side.  This,  as  a  steam  plant,  would  have  cost 
$65,000.  Our  contract  was  for  $44,000,  and  there  were  enough 
incidentals  probably  to  bring  it  up  to  $50,000.     This  Included 
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45  per  cent.  duty.  I  do  not  mean  that  if  it  was  bought  in  this 
country  it  would  cost  the  45  per  cent,  less,  for  I  understand  that 
the  cost  of  crude  lead  here  is  so  much  more,  that  part  of  it  is  eaten 
up  irrespective  of  the  question  of  duty.  The  second  battery  was 
double  the  size.  That  capacity  would  cost  $130,000  if  it  had 
been  a  generating  plant.  Our  contract  was  $64,000  for  the  bat- 
tery. The  former  price  included  the  switchboard,  the  latter  did 
not ;  to  that  I  add  $25,000  to  include  switchboard  and  every- 
thing outside  of  the  building.  So  that  about  $90,000  as  com- 
pared with  $130,000,  and  $50,000  as  compared  with  $65,000  is 
the  comparison  I  had  in  mind.  I  want  to  emphasize  this  one 
thing,  and  that  is  that  we  do  not  care  anything  about  the  kilowatt- 
hours  of  the  battery  for  this  particular  comparison.  Kilowatt- 
hours  have  to  do  witli  operating.  Kilowatt  maximum  has  to  do 
with  investment;  and  we  put  it  in  for  investment  purposes* 
That  is  to  say,  as  I  have  already  said,  we  can  with  the  same 
amount  of  capital  put  in  more  apparatus  by  using  storage  bat- 
teries than  we  can  without.  Now,  if  such  apparatus  has  a 
capacity  large  enough  to  do  that  work  which  actually  exists,  we 
can  actually  save  money  by  equipping  one-third  of  our  stations 
with  battery  and  two  thirds  with  steam.  I  do  not  mean  to  say 
that  considering  the  question  of  kilowatt-hours  in  general,  for 
traction  purposes,  or  for  all  the  incidental  purposes,  that  batteries 
are  of  course  not  very  much  more  expensive  than  steam  plants 
and  I  tried  to  make  this  statement  with  particular  reference  to 
that  special  use  of  the  battery. 

Now,  in  regard  to  efficiency,  our  guaranteed  efficiency  is  75  per 
cent.  I  never  have  understood  that  a  high  rate  of  charge  and  dis- 
charge was  going  to  interfere  with  the  efficiency  of  the  battery.  It 
is  undoubtealy  going  to  cut  down  the  capacity.  With  an  hour-and 
a-half  rate  of  discharge,  the  battery  has  only  two-thirds  of  the 
capacity  that  it  has  at  four,  live  and  six  hours  discharge.  The 
efnciency  is  the  same,  and  I  feel  quite  sure  that  the  manufactur- 
ers claimed  that  we  would  get  higher  efficiency  if  we  charged 
and  discharged  at  maximum  rates  than  if  we  did  not.  I  person- 
ally know  nothing  about  that,  except  what  I  am  told. 

There  is  another  point  that  Dr.  Crocker  made,  which  appealed 
to  me  in  exactly  the  opposite  way  from  what  it  did  to  him,  and 
that  is  the  English  practice  of  running  a  large  number  of  small 
engines  as  compared  with  the  Gennan  practice  of  using  two  or 
three  very  large  ones.  It  was  that  particular  thing  that  appealed 
to  me  for  the  value  of  the  storage  battery.  When  we  realize 
that  with  the  same  type  of  engine,  if  you  put  in  a  200  horse- 
power engine  and  one  of  800  horse-power,  you  naturally  get 
10  per  cent,  better  efficiency  out  of  tlie  large  one,  from  the  na- 
ture of  its  construction,  and  that  the  small  engine  is  likely  to 
run  15  to  18  hours  a  day ;  you  will  find  that  the  inefficiency 
caused  by  the  small  engine  is  very  much  greater  than  the  25  per 
cent,  battery  inefficiency  run  for  only  two  hours  a  day.     So  that 
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the  actual  economy  of  these  small  engines  running  under  the 
best  possible  conditions  is  less  than  the  economy  of  tne  large  en- 
gines run  under  the  best  possible  conditions,  and  a  storage  battery 
of  75  per  cent,  efficiency. 

Then  in  regard  also  to  the  question  of  guarantee,  I  know 
nothing  about  what  the  American  company  guarantees.  I  have 
never  asked  the  question.  Our  guarantee  was  for  six  per 
cent,  of  the  cost  of  the  cells.  On  the  $44,000  contract  I  tlunk 
the  cells  were  put  in  at  about  $29,000.  In  the  $64,000  contract 
the  cells  were  put  in  at  $59,000,  so  we  are  paying  six  per  cent, 
on  $59,000  worth  of  investment.  There  was  a  clause  in  the 
contract  that  if  an  American  company  was  established,  this 
should  be  reduced  to  four  per  cent.,  because  this  was  done  in 
Germany.  I  was  informed  by  the  manufacturers  abroad  that 
they  were  always  willing  to  give  a  guarantee  of  four  per  cent, 
but  that  at  least  75  per  cent,  of  their  customers  refused  it  on  the 
ground  that  it  cost  them  but  three. 

Mr.  H.  Ward  Leonard  : — There  is  one  use  for  storage  bat- 
teries which  has  not  been  touched  upon  particularly,  and  which 
to  me  is  perhaps  one  of  its  best  applications,  and  that  is  in  con- 
nection with  tne  regulation  of  the  speed  of  the  motor,  such  as 
would  be  required  for  the  operation  of,  for  instance,  elevators  or 
street  cara,  as  giving  an  abundance  of  means  of  securing  variable 
electromotive  forces  for  various  speeds,  and  for  reversals  of  di- 
rection. The  point  about  storage  batteries  which  is  often  raised 
to  explain  why  the  progress  has  been  rather  slow  in  this  country 
has  been  the  patent  litigation,  but  I  look  upon  that  as  merely  an 
excuse  for  the  slow  development  of  an  article  which  has  not  had 
a  demand  sufficient  to  devielop  it.  I  do  not  believe  that  any 
really  meritorious  article  has  been  in  the  electrical  field  thus  far 
whicli  has  been  retarded  in  its  progress  by  litigation,  and  the 
progress  of  the  litigation  which  we  have  seen  in  the  case  of  in- 
candescent lamps,  systems  of  distribution  and  electric  street  cars, 
while  it  may  have  cost  a  great  deal  of  money  for  the  litigants,  as 
it  unquestionably  has,  I  do  not  think  has  tended  to  retard  the 
progress  of  development — rather  the  reverse.  In  the  case  of 
storage  batteries,  the  demand  has  not  existed  and  their  use  has 
not  given  success,  and  that  is  the  sole  reason  for  the  fact  that 
they  have  not  been  used.  As  regards  the  cost  per  kilowatt, 
which  is  very  largely  the  essence  of  the  question  involving 
economy,  it  seems  to  me  that  the  figures  that  1  have  seen  quoted, 
which  make  a  favorable  showing  for  the  storage  battery,  take  the 
maximum  rates  of  discharge  for  the  batteries  that  it  is  deemed 
safe  to  operate  them  at,  and  have  taken  the  horse-powers  of  the 
engine  at  one-quarter  cutoff.  Now  I  agree  with  Mr.  Edgar  that 
the  question  of  development  of  power  for  the  peak  of  the  load 
is  one  which  is  largely  independent  of  the  economy  of  produc- 
tion as  compared  with  that  for  a  very  large  portion  of  tlie  total 
load  which  is  below  the  peak.     But  it  seems  to  me  that  in  mak- 
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ing  comparisons,  we  should  consider  the  cost  of  the  horse-power 
of  steam  generating  machinery  when  operated  at  its  maximum 
load,  its  maximum  capacity,  which  will  certainly  be  fifty  per 
cent.,  without  unduly  straining  any  good  boiler  or  engine  above 
that  for  which  it  would  have  for  the  ordinary  evaporations  in 
the  boiler,  and  a  Quarter  cut-off  in  the  engine,  and  I  think  that 
steam  plants  figured  on  that  basis  can  unquestionably  be  installed 
for  fifty  dollars  per  kilowatt  to-day,  and  ones  which  will  be  cer- 
tainly more  efficient  in  the  production  of  a  kilowatt  than  the 
development  of  a  kilowatt  by  a  storage  battery,  with  the  conver- 
sion losses  and  the  lack  of  efficiency  and  capacity  due  to  discharge 
at  high  rates.  In  that  connection,  I  will  say  that  it  seems  to  me 
that  it  is  unquestionable  that  there  is  a  very  marked  difference 
in  the  efficiency — not  only  in  the  capacity,  but  in  the  efficiency — 
of  the  storage  battery  when  discharging  at  high  rates,  and  that 
a  very  large  factor  in  the  question  of  efficiency  is  the  resistance 
of  the  battery,  and  the  C^  li  loss  will  certainly  very  rapidly  in- 
crease with  the  rapid  discharge.  What  I  would  like  to  find  out, 
if  we  can,  is :  What  is  the  cost  per  kilowatt,  when  the  battery  is 
discharging  at  the  rate  for  which  the  manufacturers  guarantee 
the  six  or  ten  per  cent,  depreciation  which  they  have  guaranteed, 
and  the  figures — although  we  have  had  figures  that  are  on  their 
face  very  convincing— 3o  not  give  to  me  an  explanation  of  the 
difference  between  the  prices  which  we  have  been  familiar  with 
in  the  purchase  of  batteries  and  those  which  have  been  quoted. 
I  have  bought  batteries  and  installed  them  almost  every  year 
since  1885,  and  I  have  never  succeeded  yet  in  buying  a  battery  at 
a  price  approximating  $50  per  kilowatt,  although,  of  course,  I 
have  not  dealt  in  very  large  units,  but  I  have  received  a 
discount  fix>m  the  list,  which  is  as  favorable  as  I  think  is  given 
to  customers  in  this  country,  because  the  instances  that  i  had 
were  ones  in  which  the  manufacturers  were  quite  interested  in 
seeing  the  applications  made — I  could  not  get  the  batteries  at 
less  than  $180  per  kilowatt  when  operated  at  the  maximum  rate 
at  which  they  would  make  any  guarantee.  I  think,  that  judging 
from  the  price  list  that  we  have  in  this  country,  it  is  impossible 
to  expect  to  get  batteries  to  compare  in  cost  with  steam  plants, 
even  when  run  at  double  the  rate  that  they  call  the  excessive 
rate  of  discharge,  that  is,  even  allowing  that  the  battery  shall  be 
run  at  double  the  excessive  rate.  The  cost  of  batteries,  even 
those  of  the  largest  size — ^if  I  may  judge  from  the  prices  of  bat- 
teries of  smaller  sizes — would  be  at  least  $100  per  kilowatt. 

Now,  one  point  as  regards  batteries  in  use  in  this  country.  It 
is  a  very  familiar  saying  that  we  do  not  appreciate  them  over 
here ;  that  they  have  been  used  abroad,  and  it  is  through  a  lack 
of  interest  in  the  matter,  or  a  lack  of  appreciation  of  their  points, 
that  they  have  not  been  used  here.  But  there  is  one  thing  which 
is  very  pertinent  to  my  mind.  I  have  been  installing  dynamos 
for  a  great  many  years,  and  I  do  not  know  one  of  them  that  1 
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have  installed  that  is  not  running  perfectly  successfully  and 
economically  to-day  and  in  good  condition.  And,  as  I  say,  I 
have  been  installing  batteries  nearly  every  year  also,  and  I  do 
not  know  one  battery  that  is  running  that  I  have  installed. 
That  may  be  because  I  installed  it,  but  there  may  also  be 
some  influence  due  to  the  fact  that  it  is  a  battery.  One  of  the 
best  remarks  about  a  battery  that  I  ever  heard  was  made  by  Mr. 
Edison  to  me.  He  said  that  "the  blamed  thing  was  wet,"  and  I 
think  that  expresses  a  great  deal  electrically. 

Personally,  I  am  desirous  of  saying  nothing  except  what 
is  favorable  of  the  storage  battery;  but  I  tnink  that  my 
views  as  to  its  applicability,  and  the  reasons  for  applying  it,  dif- 
fer from  some  others.  I  do  not  think  that  the  storage  battery  is 
likely  to  be  installed,  when  considering  the  question  of  cost  in 
the  light  in  which  I  presented  it,  because  of  its  economy  over 
the  steam  plant  in  dollars  and  cents,  but  I  do  not  think  that  that 
is  the  thing  tb  be  considered.  I  think  that  Mr.  Edgar  has  ex- 
pressed it  very  well,  and  we  all  of  us  know  how  it  is  of  the  ut- 
most importance  that  the  service  from  an  electric  central  station 
shall  be  perfectly  reliable,  and  that  the  light  shall  be  perfectly 
uniform,  and  the  question  of  cost  of  the  battery  to  my  mind,  and 
its  elficiency  also,  is  quite  of  secondary  importance — ^if  by  the 
use  of  the  battery  they  obtain  absolute  reliability  of  service  and 
perfect  uniformity  ot  the  light,  and  cannot  otherwise — and  I 
think  that  the  battery  may  be  installed  in  a  station  with  a  net 
saving  to  the  station,  rather  than  to  go  without  it,  when  viewed 
from  this  standpoint ;  while  I  do  not  believe  in  the  actual  saving 
in  dollars  and  cents  in  our  central  stations  in  this  country,  with 
the  character  of  load  diagrams  that  we  have. 

The  figures  which  Mr.  Edgar  gave,  I  should  like  to  ask  ques- 
tions about,  as  I  think  I  must  have  heard  them  wrong.  If  I 
understood  him,  he  said  that  the  cost  of  a  single  battery  was 
$50,000,  when  he  considered  the  additional  features  that  were 
necessary  to  get  it  installed,  and  I  understood  him  to  say  that 
the  capacity  oi  that  battery  was  1,650  amperes  at  the  full  voltage 
of  outside  wires — 1,650  amperes  on  both  sides ;  well,  allowing 
250  volts  for  the  outside  conductors,  unless  I  have  made  some 
error  in  my  hurried  calculations,  it  would  seem  that  that  is  about 
400  kilowatts,  and  if  so,  that  would  be  about  $12  a  kilowatt. 

Mr.  Edoae  :— One  hundred  and  twenty  dollars. 

Mb.  Leonard  : — One  hundred  and  twenty  dollars — well,  that 
seems  to  correspond  with  my  figures  better  than  I  thought  it  did. 
Since  it  is  $120  a  kilowatt,  which  quite  agrees  with  my  idea  of 
the  cost,  I  do  not  see  why  it  is  maintained  that  it  is  so  much 
cheaper  in  first  cost  than  a  steam  plant. 

Mb.  Edgar  : — I  would  like  to  say,  in  answer  to  Mr.  Leonard's 
statement,  that  I  do  not  think  our  battery  rated  at  1,600  amperes 
has  any  less  factor  of  safety  than  an  engine  with  one-quarter  cut 
oflf ;  that  is  to  say,  that  the  battery  is  supposed  to  run  regularly 
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1,600  amperes,  and  the  engines  that  were  put  in  at  that  cost  are 
supposed  to  run  resjularly  400  kilowatts.  It  is  possible  that  the 
engine  would  run  double  that.  If  you  had  dynamos  that  would 
run  800  kilowatts  instead  of  400,  they  would  cost  very  nearly 
twice  as  much.  There  is  no  overloading  of  the  dynamo  to  any- 
thing like  the  extent  there  is  of  the  engine.  The  excess  power 
of  the  boiler  has  already  been  discounted  in  its  installation.  On 
the  other  hand,  the  battery,  although  guaranteed  for  1,600  am- 
peres, is  said  to  run  4,800  for  fifteen  or  twenty  minutes,  if  it  has 
to,  and  I  would  not  hesitate  a  moment  to  put  that  on  if  neces- 
sary. So  I  think  the  element  of  overloading  in  one,  is  about 
equal  to  what  it  is  in  the  other. 

Mb.  Leonard  : — The  point  which  I  should  like  to  emphasize 
is  that  the  guarantee  has  been  upon  a  cost  of  $120.  Of  course, 
we  all  know  that  the  batteries  will  give,  with  certain  results,  a 
very  much  larger  rate  of  discharge.  As  to  what  these  results 
will  be,  only  the  future  can  tell.  But  if  thev  are  worked  at  two 
or  three  times  the  maximum  rate  guaranteea  by  the  makers,  of 
course  it  is  entirely  at  the  risk  of  tne  owner  of  the  battery,  and  I 
do  not  see  any  very  good  reason  for  supposing  that  tliey  will  act 
very  differently  from  other  batteries  that  have  heretofore  been 
overloaded.  1  do  not  quite  agree  with  Mr.  Edgar  as  to  the  fact 
that  a  dynamo  cannot  be  operated  during  a  period  of  half  an 
hour  or  an  hour,  and  at  a  very  large  amount  beyond  the  amount 
for  which  it  is  guaranteed  for  continuous  duty.  It  seems  to  me 
that  in  the  case  of  large  dynamos,  the  output  could  be  very  much 
increased  for  the  matter  oi  an  hour  or  two  without  any  detriment 
to  the  dynamo. 

Mr.  J.  B.  Entz  : — I  have  recently  spent  a  year  in  the  factory 
of  the  Tudor  company  in  Germany,  and  have  had  occasion  to 
know  what  their  practice  is  in  that  country  and  what  their  results 
have  been.  They  have  a  great  many  large  central  stations  which 
have  been  installed  from  ten  to  six  years.  The  opinion  of  all 
engineers  with  whom  I  spoke  on  the  subject  were  the  same  as 
those  Mr.  Edgar  has  expressed  to-night.  I  have  met  engineers 
from  Siemens  &  Halske  and  the  A^emeineElectricitats  Gesell- 
schaft,  Schiickert  &  Co.,  Oerlikon  and  other  large  companies, 
and  whenever  I  started  to  criticise  the  battery  in  any  way,  they 
rebuked  me  by  saying  that  it  might  be  so  in  this  country,  but 
that  the  results  were  different  there,  and  the  results  were  verj'^ 
satisfactory.  The  company  ships  60  tons  of  battery  a  day.  In 
Hanover,  where  they  have  had  an  installation  for  six  years,  the 
eflBciency  was  83^  per  cent,  for  the  entire  year's  work,  and  the 
loss  of  energy  but  five  per  cent,  of  the  total  output.  The 
company  sells  the  batteries  with  the  capacity  specified  for  the 
different  rates  of  discharge.  The  customer  may  discharge  it  in 
one  hour,  two  hours  or  ten  hours  as  he  pleases,  and  it  does  not 
affect  the  guarantee.  The  purchaser  has  the  option  of  taking 
the  battery  without  any  payment  for  guarantee  for  two  years. 
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The  company  keeps  it  in  perfect  repair  for  that  time.  At  tlie 
end  of  two  years  the  purchaser  can  take  a  guarantee  from  the 
company  for  four  per  cent,  a  year  for  ten  years,  but  very  few 
of  tnem  care  to  do  that.  The  actual  expense  of  maintenance 
has  been  two  and  a  quarter  per  cent,  to  the  company.  In  that 
time  they  made  considerable  money  out  of  that  four  per  cent 
guarantee. 

Mb.  J.  R.  Williams: — I  would  like  to  say  that  the  efficiency 
of  the  battery,  as  Mr.  Edgar  stated,  does  not  vary  except  within 
a  very  small  fraction  as  the  discharge  rate  increases ;  tnat  is  to 
say,  a  battery  that  would  give  a  watt  efficiency  discharge  at  a 
ten-hour  rate  of  80  to  85  per  cent,  would  still  give  a  watt 
efficiency  of  78  to  84  per  cent  if  discharged  at  a  two-hour  or  a 
one-hour  rate.  The  capacity  would  decrease  as  the  discharge 
rate  increased.  But  if  you  take  out  a  certain  capacity  at  a  high 
discharge  rate,  it  would  only  require  charging  to  the  same 
extent  as  the  amount  of  current  that  had  been  previously 
discharged. 

Mr.  J.  Appleton  : — There  are  one  or  two  things  about  Mr. 
Perry's  communication  to  which  I  would  like  to  call  your  atten- 
tion. He  advocates  the  use  of  generators  driven  by  ^s  engines 
for  taking  the  peak  of  the  load  m  central  stations,  ^ow  in  any 
station  of  a  reasonable  size  this  peak  must  be  at  least  400  horse- 
power. In  order  to  take  this  with  gas  engines,  it  must  be  neces- 
sary at  least  to  have  two  or  more  engines  driving  generators.  I 
would  like  to  ask  Mr.  Perry  if  he  lias  tried  to  run  dynamos  in 
parallel  with  gas  engines  of  that  size.  If  he  tried  it  once,  I  do 
not  think  he  would  be  inclined  to  advocate  it  in  this  way.  I 
notice  Mr.  Perry  begins  his  communication  by  advocating  the  use 
of  gas  engines  for  electric  lighting,  and  then  goes  on  to  say  that  he 
does  not  think  there  is  a  single  case  in  this  country  where  they 
have  been  successful.  I  think  this  must  be  due  to  the  fact  that 
he  has  never  tried  to  use  them  in  conjunction  with  storage  bat- 
teries. The  modern  gas  engine,  as  built  in  this  country  to-day,  I 
do  not  think  is  very  far  behind  the  European  gas  engine.  Ger- 
many is  considered  the  home  of  the  gas  engine,  but  I  think  we 
are  getting  nearly  as  good  results  in  this  country  now,  as  they  are 
obtaining  there.  In  fact,  I  know  of  many  isolated  plants  which  are 
working  perfectly  satisfactory  with  a  combination  of  a  gas  engine 
and  storage  battery.  Mr.  Perry  calls  attention  to  the  fact  that  in 
England,  France  and  Germany  a  great  many  isolated  plants  and 
also  central  stations  are  using  gas  engines,  but  I  venture  to  say 
tliat  not  five  per  cent,  of  the  whole  number  are  running  without 
a  storage  battery  in  combination.  Referring  to  his  suggestion 
of  transmitting  power  to  outlying  stations  oy  means  of  gas 
through  an  iron  pipe,  even  if  the  gas  engine  were  available  lor 
taking  the  load  in  the  outlving  district  during  certain  hours  of 
the  day,  I  think  his  calculations  are  wrong  in  one  respect.  He 
compares  the  price  of  the  iron  pipe  to  the  price  of  copper  mains. 
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Now  I  take  it  that  if  he  has  his  iron  pipe,  he  must  have  his  cop- 
per mains  as  well ;  and  having  his  copper  mains,  he  might  just  as 
well  use  them  to  transmit  current  to  the  outlying  districts  and 
charee  the  storage  battery,  raising  the  pressure  by  a  booster. 

With  regard  to  the  general  use  of  the  storage  batteries  in 
this  country,  I  think  the  previous  practice  has  been  wrong  in  thift 
respect.  The  individual  conditions  of  each  case  have  not  been 
considered.  When  an  engineer  considers  any  particular  installa- 
tion, he  looks  to  the  conditions,  and  puts  down  his  generating 
plant  to  suit  those  conditions,  and  it  must  be  done  in  the  same 
way  with  a  storage  battery.  There  are  storage  batteries  built 
to-day  for  certain  purposes  which  ought  not  to  be  discharged 
above  a  ten-hour  rate.  Then  again  there  are  storage  batteries 
built  to  discharge  at  a  half-hour  rate,  because  for  heavy  work  and 
for  regulation  a  battery  must  be  capable  of  discharging  at  a  very 
heavy  rate.  With  regard  to  the  question  of  regulation,  recently 
I  have  had  occasion  to  figure  on  a  problem  wnere  there  was  an 
output  of  about  2,000  horse-power  from  one  station ;  it  was  a 
fluctuating  load,  resulting  in  a  variation  in  voltace  of  about  20 
per  cent.;  by  the  application  of  a  battery  which  would  give 
about  350  horse-power  at  a  one-hour  rate,  it  is  possible  to  keep 
that  fluctuation  down  to  a  total  variation  of  two  per  cent.,  and  i 
think  that  is  nearly  as  close  as  most  engineers  want.  A  great 
many  of  the  speakers,  or  some  of  them  at  least,  have  said  that 
the  previous  storage  battery  plants  have  not  been  a  success,  and 
in  connection  with  this  there  is  one  point,  I  think,  which  has 
been  quite  overlooked.  A  storage  battery  will  not  show  signs 
of  distress  when  it  is  very  heavily  overloaded.  You  take  a  case 
of  a  dynamo  and  battery  working  in  parallel  on  a  two  or  three 
wire  system ;  say  some  extraordinary  conditions  arise  on  the  cir- 
cuit, such  as  a  short  circuit ;  tlie  battery  would  take  a  very  great 
deal  more  than  it«  share  of  the  load.  The  generators  begm  to 
kick  at  once.  The  battery  will  take  all  that  is  wanted ;  and  it 
is  this  very  fact  of  your  being  able  to  get  out  of  a  battery  nearly 
everything  you  want,  whether  the  battery  is  built  to  discharge 
at  a  high  rate  or  not, — that  has  been  the  ruin  of  a  great  many 
batteries  in  previous  years. 

Mr.  Chas.  Blizabd: — We  do  not  recognize  the  company  Mr. 
Perry  so  mysteriously  describes  as  "  the  leading  storage  battery 
company  of  this  country." 

Through  an  oversight,  unintentional  no  doubt,  Mr.  Perry  doea 
not  quote  froto  a  letter  under  date  of  June  11th,  1894,  sent  him 
by  this  same  '*  leading  storage  battery  company"  in  which  the  mat- 
ter of  maintenance  is  dealt  with  as  follows: 

"  We  will  undertake  to  maintain  installations  of  our  aocumula- 
^'  tors  when  operated  at  normal  rates,  upon  a  basis  that  will  limit 
"  the  cost  of  perpetual  maintenance  to  10  per  cent,  per  annum,. 
'*  upon  the  original  cost." 

If  Mr.  Perry  had  brought  his  communication  up  to  date,  he 
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might  have  quoted  from  the  current  edition  of  the  catalogue  is- 
sued by  tl^e  storage  battery  company  in  question  in  regard  to 
maintenance  as  follows : 

"  The  company  is  prepared  to  undertake  maintenance  con- 
"  tracts  under  which  they  will  guarantee  that  the  total  amount 
"  paid  for  renewals  during  the  term  of  the  contract,  shall  not  ex- 
"  ceed  10  per  cent,  per  annum  on  catalogue  prices  of  the  cells 
"  specified  in  the  contract."  The  clause  covering  the  return  of 
the  old  material  being  omitted. 

It  is  generally  understood  that  retail  prices  are  not  maintained 
when  wholesaling. 

It  is  not  a  fact  that  the  public  has  been  led  to  understand  by 
the  battery  company  or  its  representatives  that  the  guarantee  oi- 
fered  means  anything  more  or  less  than  what  is  distinctly  stated 
in  the  catalogue,  and  the  fact  that  in  the  letter  from  which  Mr. 
Ferry  quotes  he  was  referred  to  the  catalogue  for  terms  of  guar- 
antee, is  a  sufficient  refutation  of  his  argument. 

Mr.  Perry's  criticism  would  seem  to  cover  the  manufacturer 
who  recommends  the  installation  of  a  battery  of  capacity  suitable 
to  the  work  to  be  done,  and  who  asks  when  giving  a  maintenance 

fuarantee  that  the  battery  be  worked  within  its  normal  limits  and 
andled  in  accordance  with  the  simple  rules,  which  experience 
has  proven,  produce  the  best  results  as  to  efficiency  and  durability. 
I  fail  to  see  the  injustice  or  hardship  involved  in  these  require- 
ments. 

Mr.  Perry's  statement  that  the  guarantee  holds  good  when  the 
battery  is  cared  for  in  exact  accordance  with  the  instructions  laid 
down  by  the  manufacturer,  conveys  the  impression  that  an  in- 
fraction of  the  rules  would  necessarily  nullify  the  guarantee. 
While  the  selling  company  would  undoubtedly  have  the  right  to 
withdraw,  I  do  not  know  of  a  case  in  which  such  a  course  has 
been  taken. 

"The  leading  storage  battery  company  of  this  country"  does  not 
anticipate  that  its  business  will  be  materially  affected  by  Mr. 
Perry  s  alleged  discovery  of  the  difference  between  its  nominal 
and  actual  guarantees. 

Mb.  Perry  : — Replying  to  Mr.  Appleton.  I  believe  that  he 
was  right — that  in  most  of  the  applications  of  the  gas  engine 
abroad,  the  storage  battery  is  also  used,  as  it  is  in  connection 
with  djrnamos  driven  by  steam  engines.  He  speaks  of  the  peak 
of  the  load  requiring  in  the  neighborhood  of  400  horse-power. 
The  largest  gas  engine  so  far  constructed,  so  far  as  I  know,  single 
cylinder  gas  engine,  is  of  375  horse-power,  with  fuel  gas  ;  with 
illuminating  gas  it  will  go  something  over  400,  perhaps  450 
horse-power,  and  it  has  been  repeatedly  stated  by  English  manu- 
facturers that  they  were  ready  to  make  gas  engines  in  1,000 
horse-power  units  whenever  wanted.  But  it  is  customary,  I 
understand,  where  the  large  units  are  employed,  to  use  two- 
cylinder  gas  engines,  so  that  we  may  have  for  instance  an  engine 
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of  two  cylinders,  each  of  which  would  separately  give  200  horse- 
power, and  the  explosions  are  so  timed  as  to  give  an  explosion 
once  every  revolution.  There  is  an  advantage  in  that  since  it 
makes  the  angular  velocity  of  the  armature  more  regular.  Then 
in  regard  to  the  transmission  of  power  by  means  of  gas  to  an 
outlying  station,  Mr.  Appleton  suggested  that  we  have  the  cop- 
per mains  also.  My  idea  was  to  supplant  the  copper  mains  with 
the  gas  mains,  and  while  I  suggested  a  six-inch  pipe,  that  was 
assuming  that  we  required  that  power  continuously.  With  the 
storage  battery  the  claim  is  that  we  may  use  a  smaller  conductor, 
and  by  charging  for  a  long  time,  we  can  store  up  a  large  amount 
of  energy  to  use  when  the  demand  is  excessive.  The  same  would 
apply  to  gas  storage.  You  have  your  gas-holder  there,  and  in- 
stead of  using  a  six-inch  main  to  carry  that  energy  that  distance, 
von  might  use  a  very  much  smaller  one,  and  charge  your  gas- 
holder during  the  day,  or  during  the  hours  of  light  loads,  and 
your  expense  of  transmission  would  be  still  less,  and  the  interest 
on  investment  would  be  still  less ;  and  the  other  object  in  trans- 
mitting by  gas  to  outlying  stations  was  that  the  efficiency  of  trans- 
mission would  be  very  much  greater,  at  a  distance  of  two  miles 
even,  than  if  you  used  a  transmission  of  a  thousand  volts,  which 
I  suppose  would  be  about  as  high  as  it  would  be  proper  to  trans- 
mit current  for  the  storage  of  energy  in  storage  batteries. 

In  regard  to  Mr.  Blizard's  remark,  in  reading  a  paper  liefore 
the  National  Electric  Light  Association,  at  Cleveland,  I  was 
jumped  on  by  a  member  of  the  leading  storage  battery  company 
of  this  country  for  some  of  my  remarks  in  regard  to  the  storage 
battery  at  that  time.  He  distinctly  stated  at  that  time,  if  I  re- 
collect his  remarks,  that  the  cost  of  maintenance,  guaranteeed 
charges,  was  10  per  cent,  on  the  price  of  tlie  battery,  and  this 
letter  that  I  referred  to  and  the  catalogue — the  catalogue  was 
the  one  in  force  at  that  time — contradicts  that  statement 
flatly.  This  is  the  first  opportunity  I  have  had  of  replying  to  it. 
I  have  seen  a  later  catalogue  since  that,  and  this  also  bases  the 
guarantee  on  the  catalogue  prices.  I  also  have  in  my  possession 
the  letter  to  which  Mr.  Blizard  referred,  but  which  1  have  not 
copied  here.  That  letter,  as  I  recall  it  now,  is  less  specific  than 
this  one — this  one  being  very  specific — as  it  states  here :  "  We 
"  send  you  by  to-day's  mail  our  illustrated  catalogue,  and  would 
*'  especially  call  your  attention  to  the  question  oi  maintenance, 
"  as  contained  on  page  11."  That  seemed  to  be  very  specific,  as 
to  what  their  guarantee  means.  Their  guarantee  was  on  the 
catalogue  price  and  not  on  the  cost  price ;  and  at  that  time  and 
in  that  place  it  is  stated  that :  "  In  all  cases  of  renewal  by  con- 
"  tract,  the  old  material  becomes  the  property  of  the  company 
"  and  must  be  returned  to  their  works  free  of  charge  for  carrii^ 
"  or  packing."  Now  the  omission  of  that  statement  from  the 
new  catalogue  does  not  convince  me  that  they  do  not  expect  that. 
I  know  from  the  experience  of  some  others — not  my  own  experi- 
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ence — that  when  you  ask  for  a  battery  for-  some  particular  pur- 
pose where  the  discliarge  is  pretty  rapid,  or  for  some  very  un- 
usual use,  that  the  guarantee  which  they  offer  you,  or  tliat  they 
print  in  their  books,  or  that  they  talk  about,  no  longer  holds. 
They  want  a  very  much  larger  price  for  their  battery,  or  their 
^arantee  will  be  very  much  less  favorable.  And  I  admit  that 
it  is  perfectly  proper  that  they  shall  protect  themselves ;  that 
that  battery  shall  be  used  un^er  certain  conditions  and  in  cer- 
tain ways.  They  cannot  guarantee  a  battery  or  a  steam  engine 
or  anything  else  that  is  improperly  used.  But  what  I  maintain 
is,  that  it  is  not  economical  under  most  conditions  of  central  sta- 
tion practice,  or  at  least  where  the  demand  is  somewhat  excessive 
in  the  way  of  discharge,  to  use  the  storage  battery  ;  that  their 
prices  are  put  up  so  high  in  order  to  give  them  a  safe  guarantee. 
Now  there  was  a  paper  read  at  the  Philadelphia  meeting  of  the 
Institute,  by  Mr.  Griscom,  in  which  he  stated  that  if  you  make 
your  storage  batteries  large  enough,  the  depreciation  may  be  re- 
duced to  practically  nothing.  That  we  all  know.  So  if  you  do 
make  your  storage  batteries  large  enough,  the  company  are  per- 
fectly safe  in  making  you  a  gimrantee  of  three  per  cent.,  or  two 
per  cent.,  or  one  per  cent.,  it  they  choose ;  but  your  investment 
charges  are  very  much  larger  under  those  conditions. 

Mb.  E.  T.  Birdsall  : — In  regard  to  Mr.  Perry's  figures  on  the 
transmission  of  gas,  he  omits  several  important  factors  in  the 
transmission  of  gas  for  that  distance.  In  iS'ew  York  the  subways 
are  ventilated  by  pumping  air  through  pipes,  and  they  lind 
that  the  loss  of  pressure  per  mile  of  8-in.  pipe,  when  delivering 
12,000  cub.-ft.  per  hour,  is  11  ounces  per  square  inch.  That  is, 
starting  with  16  ounces  pressure,  at  the  end  of  one  mile  the  pres- 
sure is  reduced  to  two  ounces.  That  means,  considerable  power 
is  used  to  pump  that  gas  along,  and  that  should  be  counted  in 
the  cost  of  transmission.  Another  factor  is  that  the  friction  in 
the  flow  of  gas  in  pipes  depends  greatly  on  the  number  of  bends 
in  the  pipe ;  if  it  had  a  large  number  of  bends  or  elbows,  it  would 
make  a  vast  difference. 

A  third  factor  is  the  leakage  factor.  Ever^  gas  company  in 
Xew  York,  except  possibly  the  latest  one,  which  has  new  mains, 
figured  that  the  loss  of  leakage  at  the  joints  is  about  10  per 
cent.,  and  in  that  the  loss  of  pressure  in  the  electrical  con- 
ductors is  balanced  at  once. 

In  regard  to  the  reason  why  batteries  are  not  used  more  univer- 
sally, it  has  always  been  my  opinion,  as  the  result  of  considerable 
experience,  that  all  the  first  plants  were  too  small  for  the  work 
they  had  to  do,  and  I  will  give  two  or  three  examples.  One  was 
a  large  private  plant.  A  battery  was  put  in,  and  it  lasted  six 
months  under  the  use,  and  they  put  in  a  second  one,  about  one- 
fourth  larger,  and  that  lasted  about  a  year.  The  next  one  was 
about  four  times  the  size — that  was  about  the  time  that  I  ap- 
peared on  the  scene — and  that  one  lasted  about  three  years,  and 
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now  we  are  contemplating  putting  in  one  about  eight  times  the 
size  to  do  the  work.  In  that  connection,  I  might  say  that  I  just  let 
a  contract  to-day  to  replace  one  of  the  plants  that  Mr.  Leonard 
mentioned.  This  is  due  to  no  fault  of  Mr.  Leonard's.  I  laid 
out  the  original  plant — he  merely  installed  it.  The  original  plant 
was  300  ampere-liours  capacity,  and  the  plant  that  takes  its  place 
is  800  ampere-hours  capacity.  That  is  as  big  as  I  could  get  the 
man  to  buy.  If  I  had  my  way,  it  would  have  been  about  1,600 
ampere-hours.  Though  that  is  an  unusual  case.  They  have 
electric  heaters,  and  that  I  think  explains  the  whole  matter.  But 
this  has  been  the  great  diflSculty ;  a  man  would  put  in  a  battery, 
and  as  a  rule  it  will  be  about  one-tenth  of  the  size  necessary  to 
the  work,  and  the  battery  would  fail  in  six  months,  and  all  bat- 
teries were  the  same  in  his  eyes  after  that.  In  regard  to  guaran- 
tees, it  is  my  present  practice  not  to  call  on  the  companies  for 
guarantees  wnere  I  am  reasonably  certain  of  having  a  chance 
to  look  after  the  plant  once  in  a  while.  The  only  experience  I 
had  with  guarantees  was  not  successful — the  company  failed  be- 
fore we  had  a  chance  to  call  on  them. 

Mr.  a.  E.  Childs  : — Mr.  Edgar  in  his  remarks  spoke  of  the 
value  of  his  battery  in  cases  of  rapid  changes  of  weather.  I  was 
in  Boston  one  day  in  September,  and  I  happened  to  be  in  an 
oflSce  taking  light  both  from  his  company  and  from  the  alternating 
current  company  in  that  city.  At  three  o'clock  a  very  blacE 
cloud  passed  over  the  city,  and  inside  of  five  minutes  possibly  every 
light  m  Boston  that  was  ordinarily  in  use  was  turned  on,  and 
there  is  no  doubt  that  inside  of  five  minutes  Mr.  Edgar's  station 
had  on  its  maximum  load.  His  lights  were  absolutely  perfect ; 
there  was  no  diminution  in  voltage.  The  lights  were  steady  with- 
out a  single  flicker.  The  lights  in  the  adjoming  oflSce  were  low; 
they  were  like  red-hot  hair  pins,  and  were  flickering.  The  alter- 
nating current  com  pany 's  representative  stated  afterwards  that  they 
had  not  even  had  time  fo  fire  up  their  boilers  or  to  warm  their 
engines  before  the  load  was  upon  them,  and,  so  suddenly  did  it 
come,  that  it  was  impossible  for  them  to  take  care  of  it.  In  Mr. 
Edgar's  case,  his  lights  were  kept  up  to  the  proper  voltage  He 
had  the  maximum  load  of  his  station  thrown  on  without  five 
minutes'  notice.  In  three-quarters  of  an  hour  the  cloud  scattered, 
the  sun  came  out,  and  the  lights  were  turned  off.  Those  who 
had  used  the  Edison  light  in  that  case  were  highly  satisfied,  and 
those  who  had  the  alternating  current  light  were  complaining 
that  it  was  from  twenty  to  twenty -five  minutes  before  they 
were  able  to  see  or  read  by  their  electric  lights.  Gentlemen, 
this  seems  to  me  of  itself  an  exceedingly  valuable  use  of  the 
battery  for  the  central  station.  If  installed  for  no  other  purpose, 
it  gives  to  the  company  using  such  a  battery  an  argument  in 
favor  of  the  storege  battery  that  cannot  be  gainsaid. 

Referring  to  Mr.  Hering's  communication,  we  find  that  on 
page  61 3  he  states  that "  a  purchaser  will  believe  you  if  you  admit 
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"  tliat  the  life  of  the  perishable  parts  will  be  comparatively  short, 
*'  but  he  will  not  believe  yon  if  you  say  it  will  be  long,  even  if 
"  you  are  telling  the  truth."  Later  on  he  states  that  you  may  as 
well  recognize  that  the  life  of  a  positive  plate  is  short,  and  there- 
fore you  may  as  well  build  a  battery  that  nas  a  positive  plate  with 
a  short  life.  His  case  seems  to  be  like  the  case  of  electric 
meters  in  England,  and  the  trouble  which  they  had  in  introduc- 
ing them.  The  original  meters  which  were  brought  out  were 
very  scientific  affairs,  but  the  companies  could  not  find  people  to 
use  them.  A  happy  thought  occurred  to  one  engineer  to  make 
the  electric  meters  look  as  much  like  gas  meters  as  possible, 
because  the  people  were  accustomed  to  seeing  gas  meters,  and 
now  it  is  an  acknowledged  fact  that  those  meters  which  look  like 
gas  meters  have  a  larger  use  in  England  than  those  meters  which 
have  special  dial  faces.  Therefore  it  seems  to  me  that  Mr. 
Hering  is  working  to  satisfy  the  popular  demand.  He  wants  to 
produce  a  battery  which  has  a  short  life,  so  that  when  he  goes  to 
u  man  and  tells  him  he  has  a  battery  with  a  short  life,  that  he 
will  be  believed.  He  does  not  want  to  produce  a  battery  with  a 
long  life,  for  he  is  afraid  people  will  not  believe  him  when  he 
brings  it  forward. 

On  page  614  he  goes  on  to  relate  that  his  ideal  car  is  one  which 
has  a  battery  which  will  run  only  one  trip.  I  would  like  to  ask 
Mr.  Hering  what  he  means  by  one  trip.  It  may  be  one  mile, 
or  it  may  be  20  miles,  or  it  may  be  50  miles.  What  is  he  going 
to  do  with  his  battery  when  he  has  a  50-mile  trip  to  make,  before 
he  has  an  opportunity  of  renewing  it  ?  And  he  goes  on  to  state 
with  a  dash  of  humor  that  it  would  be  rather  a  curious  thing  to  see 
half-a-dozen  horses  carried  on  a  trailer  behind  a  street  car  in 
order  that  they  may  be  used  as  relays  when  the  first  horses  get 
tired  out.  At  first  reading  we  almost  fail  to  realize  the  keenness 
of  his  wit. 

Mr.  Perry  states  that  he  would  not  recommend  storage  batteries 
under  any  circumstances,  but  that  he  has  a  still  more  economical 
method,  and  he  proposes  to  use  the  gas  engine  for  a  purpose  for 
which  none  of  us,  I  may  venture  to  say,  have  ever  seen  it  used 
before,  and  he  states  in  the  most  positive  language  that  it  is  a 
more  economical  method.  I  would  ask  him  to  refer  to  even  one 
central  station  using  gas  engines  to  take  the  peak  of  their  load. 

Referring  to  his  remarks  on  the  guarantee  which  he  describes 
here,  of  June,  1894,  Mr.  President,  the  world  has  progressed  a 
great  deal  in  the  last  eighteen  months,  and  if  Mr.  Perry,  knowing 
that  his  communication  was  to  be  read  to-night,  had  taken  the 
trouble  to  inquire  what  guarantees  he  could  obtain  to-day  and 
not  last  June  twelve-month,  he  would  be  able  to  find  that  the 
companies  supplying  batteries  could  guarantee  to  him  a  specific 
percentage  depreciation  on  the  cost  of  the  elements,  and  not  on 
the  complete  plant  installed.  He  would  be  able  to  find  that  the 
rate  at  which  the  depreciation  goes  on  was  guaranteed  to  be  very 
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small.  It  is  astonishing,  sir,  to  me  at  least,  tliat  a  man  will 
bring  forward  such  statements  as  those,  16  or  18  months  behind 
time. 

In  conclusion,  I  would  state  that  the  storage  battery  seems  to 
call  forth  from  engineers  more  prejudice  than  any  other  class  of 
apparatus.  It  is  my  experience  that  certain  engineers  will  tell 
you  inside  of  15  seconds,  if  you  broach  the  subject  to  them, 
that  they  know  all  about  storage  batteries;  that  they  do  not 
want  them  at  all,  at  any  price ;  that  they  wouldn't  have  them 
if  you  gave  them  to  them.  If  you  put  up  a  guarantee  with 
government  bonds  at  the  back  of  it,  they  would  not  look 
at  it.  It  seems  to  me,  sir,  that  we  must  request  engineers 
to  show  that  spirit  of  enterprise,  that  spirit  of  investigation  which 
they  show  regarding  other  classes  of  apparatus.  We  ought  to 
expect  from  them  that  same  spirit  with  regard  to  storage  bat- 
teries, and  that  when  they  are  approached  on  the  subject  of  ap- 
plying storage  batteries  to  their  central  stations  that  tliey  ought 
to  take  the  matter  in  a  spirit  of  investigation ;  and  I  am  not 
wrong  in  saying  that  at  present  a  large  majority  of  them  will 
not  even  consider  the  storage  battery.  They  think  they  know 
all  about  it,  and  they  think  tliey  know  it  would  be  of  no  use  to 
them. 

Mr.  Carl  Hering  : — Mr.  Childs  asks  what  is  meant  by  one 
trip ;  one  trip  is  the  distance  that  a  car  travels  from  one  power 
house  to  another  or  back  to  the  iirst.  I  did  not  think  the  term 
required  any  explanation. 

Mr.  Ohilds  : — May  I  be  allowed  to  ask  Mr.  Hering  what  the 
length  of  his  trip  is  i  That  is  the  point  I  want  to  bring  out.  It 
varies  considerably  with  diflFerent  street  car  systems. 

Mr.  Hering  : — The  length  of  a  trip,  of  course,  may  vary  very 

freatly.  What  I  wished  to  emphasize  in  the  paper  was  that  the 
est  possible  arrangement  of  a  plant  would  oe  to  use  a  battery 
which  will  discharge  in  one  trip,  whatever  the  length  of  that 
trip  may  be ;  whether  the  trip  is  one  of  a  few  miles  or  of  a 
hundred  miles,  the  battery  should  be  adapted  to  it.  As  a  rule, 
the  trips  of  a  car  in  an  ordinary  city  are  comparatively  short, 
much  shorter  in  time  than  what  would  correspond  to  the  "  ex- 
cessive "  rate  (four  hours)  of  discharge  of  a  certain  well  known 
accumulator  ;  there  are  very  few  cars  in  use  the  length  of  whose 
trips,  in  time,  is  four  hours  or  more. 

Mr.  Childs  furthermore  said  something  about  my  suggestion 
that  it  might  be  better  to  make  cheap  short-lived  positives  than 
expensive  long-lived  ones.  My  remarks,  of  course,  apply  chiefly 
to  plates  which  deteriora;te  ;  if  one  installs  a  much  larger  battery 
than  one  which  has  just  the  right  capacity,  and  discharges  it  at 
very  low  rates,  the  deterioration  will  be  very  small.  But,  as  stated 
in  my  communication,  I  referred  more  particularly  to  rapid  dis- 
charge batteries  in  which  the  deterioration,  as  one  of  the  previous 
speakers  has  shown  us,  is  very  great ;  and  in  those  cases  I  think 


Digiti 


ized  by  Google 


1805.]  DISCmSION  IN  NEW  YORK.  631 

a  cheap  short-lived  plate  would  be  much  better  than  one  which 
is  expensive  and  is  intended  to  have  a  long  life,  but  has  not. 

Mr.  Childs  in  his  paper  states  that  the  cost  of  a  kilowatt-hour 
of  battery  is  $37  to  $40.  Now,  such  a  statement  is  very  in- 
definite, and  is  of  the  kind  which  has  misled  so  many.  The 
statement  is  not  complete  unless  the  rate  is  also  given,  for  it  is 
very  evident  that  if  that  accumulator  would  be  discharged  in  one 
hour,  the  cost  per  available  kilowatt-hour  would  be  more  than 
$37  or  $40,  showing  that  the  rate  ought  to  be  given  in  connec- 
tion with  such  a  statement.  I  presume  he  meant  that  a  ten-hour 
rate  was  understood ;  this  means  that  a  battery  which  will  give 
a  kilowatt  (as  distinguished  from  an  kilowatt-hour)  for  ten  hours 
costs  ten  times  $87  or  $40.  If  it  is  discharged  at  a  higher  rate 
than  10  hours,  the  cost  per  horse-power  or  kilowatt  increases 
very  much.  Taking  the  catalogue  of  the  company  which  he 
mentions,  I  find  that  for  a  four-hour  rate  the  price  per  useful 
horse-power  or  kilowatt  hour  is  increased  about  25  per  cent.;  in 
other  words,  if  you  want  a  horse-power  hour  at  a  four-hour  rate, 
it  will  cost  25  per  cent,  more  tlian  if  yon  want  it  at  a  ten-hour 
rate. 

Mr.  Childs  mentions  an  ampere-hour  eflBciency  of  96.1  per 
cent. ;  that  is  very  high,  and  I  think  it  ought  to  be  accompanied 
by  a  more  explicit  statement  of  how  that  eflBciency  was  obtained. 
An  efficiency,  if  it  is  as  high  as  that,  ought  to  be  obtained  by  re- 
peated successive  discharges ;  or  in  other  words,  to  be  sure  that 
the  efficiency  is  correct,  the  accumulator  ought  to  be  discharged 
at  least  three  or  four  times  under  exactly  the  same  conditions. 
If  it  then  gives  an  efficiency  of  96.1  per  cent,  each  time,  the 
figure  LB  correct ;  but  unless  it  was  discharged  several  times  in 
succession  under  the  same  conditions,  the  figure  which  he  gives 
can  hardly  be  depended  upon. 

Mr.  J.  W.  LiEB,  Jr  : — Several  of  the  speakers  this  evening 
have  referred  incidentally  to  one  of  the  uses  of  a  storage  battery, 
to  which  I  think  more  importance  should  be  attached.  With 
the  constantly  increasing  application  of  electricity,  particularly 
as  a  motive  power,  the  conditions  to  be  met  by  systems  distribut- 
ing electric  current  from  a  central  station  are  becoming  more 
difficult.  This  is  particularly  the  case  in  residential  districts 
where  electric  elevators,  whicli  are  being  introduced  at  a  rapid 
rate,  produce  sudden  and  large  fluctuations  in  the  demand  for 
current,  at  times  when  the  steady  lighting  load  is  light.  This 
variation  of  current  demand  causes  fluctuations  of  the  e.  m.  f.  in 
the  customers'  service,  dependent  in  extent  upon  the  amount  and 
distribution  of  the  copper  in  the  system  of  conductors,  the  pro- 
lx)rtion  of  steady  to  fluctuating  load,  and  upon  the  dynamo  ca- 
pacity supplying  current  at  the  moment.  Tne  average  demand 
for  current  during  the  hours  of  daylight  in  residential  districts 
being  light,  the  generating  units  supplying  current  must  neces- 
sarily have  proportionately  small  capacity,  if  they  are  to  be 
operated    economically.       Under    such     conditions    generating 
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capacity  proportioned  to  carrying  the  average  load  when  sub- 
jected to  additional  fluctuating  loads,  due  to  the  inrush  and 
accelerating  current  of  starting  elevators,  would  give  rise  to  con- 
siderable variations  in  e.  m.  f.  at  the  'bus  bars,  and  unsatisfactory 
lighting  service.  The  addition  of  a  storage  battery  is  the  effec- 
tive remedy  for  such  cases ;  a  relatively  small  battery  capacity 
taking  up  large  fluctuations  with  but  little  fall  in  the  'bus  pres- 
sure and  with  increased  plant  efliciency.  The  upper  section  of 
New  York  City,  supplied  from  the  mains  of  the  Edison  Electric 
Illuminating  Company,  is  essentially  residential  in  character,  and 
since  the  beginning  of  1893  the  Edison  company  has  had  in  con- 
tinuous operation  at  its  53rd  street  station,  a  Crompton-Howell 
storage  battery  of  a  capacity  of  2,000  ampere-hours,  which  in 
addition  to  other  duties  has  most  satisfactorily  fulfilled  the  func- 
tions of  a  pressure  equalizer  as  above  outlined.  Its  effect  upon 
the  system  is  to  reduce  variations  in  the  'bus  pressure  to  but  ^  to 
i  of  what  they  would  be  with  dynamo  capacity  alone  in  opera- 
tion. Mr.  Hering  in  his  communication  relEers  to  the  part  which 
the  chemist  and  the  mechanical  engineer  have  had  in  the  de- 
velopment of  the  storage  battery.  1  beg  to  differ  with  his  un- 
favorable criticism  of  tne  work  of  the  mechanical  engineer  in 
this  connection,  my  own  experience  with  many  different  types 
of  batteries  both  in  Europe  and  this  country  leading  me  to  ex- 
actly the  opposite  conclusion.  It  appears  to  me  that  the  lack  of 
careful  consideration  of  constructive  details  and  substantial  me- 
chanical construction  has  contributed  more  largely  to  the  failure 
of  storage  batteries  in  the  past  than  lack  of  appreciation  of  the 
labors  of  the  chemist.  The  wrapping  of  the  plates  in  flannel, 
felt,  asbestos,  and  similar  materials,  holding  the  plates  together 
by  rubber  bands  and  similar  devices,  poor  contacts  at  the  elec- 
trical connections,  lack  of  proper  support  for  the  plates,  insuflSci- 
ent  space  between  the  bottom  of  tne  plates  and  the  bottom  of 
the  tanks,  and  inadequate  provision  to  prevent  positive  and 
negative  plates  from  touching ;  these  certainly  are  defects  of 
mechanical  construction.  Yet  how  many  failures  could  be  di- 
rectly traced  to  them.  A  statement  of  the  important  improve- 
ments that  have  been  made  in  the  construction  of  storage  batter- 
ies within  the  past  few  years  would,  I  think,  show  clearly  a  very 
substantial  progress  in  all  the  details  of  mechanical  construction. 
As  much  can  hardly  be  said  of  the  progressive  work  of  the 
chemist  in  this  direction,  whose  many  investigations  of  the  reac- 
tions involved  in  the  electrolytic  processes  while  of  undoubted 
value  have  not  developed  any  radical  departures,  while  the  ten- 
dency has  been  to  revert  to  primitive  types  more  substantial  in 
construction  and  more  carefully  worked  out  in  their  mechanical 
details. 

Mb.  Childs  : — May  I  answer  one  point  raised  by  Mr.  Hering? 

The  President  : — Very  briefly,  Mr.  Childs. 

Mr.  Childs  : — He  referred  to  the  increased  cost  of  batteries 
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on  the  ten-hour  basis.  I  wonld  call  attention  to  the  fact,  that 
a  battery  working  at  a  ten-hour  rate  is  much  cheaper  per  kilowatt- 
hour  than  a  battery  working  at  a  two-  or  three-hour  rate,  and  if 
Mr.  Herinff  will  take  the  trouble  to  examine  any  of  the  published 
price  lists,  he  will  very  readily  be  able  to  calculate  the  scale  on 
which  the  cost  is  graduated. 

Mr.  Leonard  : — I  would  like  the  privilege  of  answering  one 
point  which  it  seems  to  me  is  of  tne  greatest  importance,  and 
that  is  this  question  of  efficiency  and  high  rates  of  discharge. 
As  a  matter  of  fact,  a  cell  which  t  am  thoroughly  familiar  with 
and  have  tested,  has  a  resistance  of  a  thousandth  of  an  ohm  and 
its  discharge  rate  nominally  is  25  amperes.  To  operate  that 
under  the  conditions  where  a  storage  battery  would  show  its 
greatest  advantage,  that  is  a  rate  of  125  amperes,  so  that  it  could 
be  discharged  in  about  an  hour  and  a  half,  the  figures  would  have 
to  be  about  as  follows: — The  capacity  of  the  cells  is  25  am- 
peres at  two  volts.  The  C^  R  watts  lost  when  dischai^ng  at 
35  amperes  would  be  six-tenths  of  one  watt,  and  the  (7*  R  watts 
lost  when  discharging  at  the  rate  of  125  amperes  would  be  15 
watts. 

The  President: — I  think,  as  it  is  11  o'clock,  we  had  better 
adjourn.  We  are  all  very  much  obliged,  I  know,  to  the  mem- 
bers of  the  iNSTrruTE  who  have  given  the  results  of  their  experi- 
ence, although  that  is  a  matter  to  be  expected,  as  every  member 
is  supposed  to  tell  everything  he  knows.  But  to  Mr,  Edgar, 
who  unfortunately  for  us  is  not  a  member,  I  think  we  owe  our 
very  sincere  thanks  for  the  very  clear  and  important  commu- 
nication he  presented  here  to-night.  A  motion  to  adjourn  is  in 
order. 

[Adjourned.] 

Communicated  After  Adjournment  by  Nelson  W.  Perry. 

The  lateness  of  the  hour  and  the  very  proper  adjournment  of 
the  meeting  prevented  my  replying  at  the  time  to  several  of  the 
last  speakers,  whose  remarks  seemed  to  require  a  reply. 

Mr.  Birdsall  Questions  my  figures  on  the  economy  of  gas  trans- 
mission, citing  tne  loss  in  head  of  the  ventilating  currents  in  the 
electrical  subways,  which  he  states  as  a  drop  from  six  to  eight 
inches  initial,  to  about  one-half  inch  at  a  distance  of  two  miles. 
These  figures  may  be  correct ;  but  he  must  remember  that  the 
figures  I  gave  were  for  a  six-inch  pipe  that  was  free  from  ob- 
stuctions,  while  he  is  citing  two  and  one-half  or  three  inch 
pipes  which  are  more  or  less  filled  with  conductors,  offering  an 
enormously  greater  frictional  surface,  and  that  these  pipes  open 
into  manholes  usually  at  intervals  not  exceeding  400  feet  where 
eddy  currents  and  leakage  through  the  covers  become  important 
factors,  and  further  that  he  is  discussing  air  with  a  specific  gravity 
of  1,  and  I  illuminating  gas  with  a  specific  gravity  of,  say,  .45. 
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To  show  the  effect  of  increased  specific  gravity,  taking  a  large 
pipe,  12  inches  in  diameter  and  3,100  yards  long,  we  fcad  that  a 
discharge  of  65,000  cubic  feet  at  .4  specific  gravity  is  reduced  to 
49,000  cubic  feet  at  .7  specific  gravity,  and  to  43,000  cubic  feet 
at  1  specific  gravity.  He  is  correct  in  regard  to  elbows.  My 
figures  were  for  straight  pipes.  The  effect  of  elbows  is  to  increase 
the  drop,  the  latter  being  also  a  function  of  the  velocity.  With 
ordinary  velocities  and  a  90°  elbow  having  a  radius  two  and  one- 
half  times  the  diameter  of  the  pipe,  the  following  drops  (in  inches 
of  water-pressure)  have  been  calculated  : — 

Velocity  of  gas  Back  pressure,  caused  by 

in  feet  per  second.  one  bend,  inches. 

4 0015. 

6 00886. 

8 00698. 

10 00034. 

12 0135. 

14 0183. 

16 0289. 

18 0303. 

20 0374. 

30 : 0841. 

40 149. 

50 283. 

So  that  unless  the  velocity  is  very  high,  it  requires  a  large 
number  of  l)end8  of  this  kind  to  make  a  material  drop  in  line. 

To  show  the  relative  effects  of  bends,  and  the  specific  gravitv 
of  tlie  gas  in  the  illustration  cited,  viz :  delivery  of  gas  through 
a  six-inch  pipe  under  four-inch  pressure  at  a  distance  of  10,500 
feet,  I  find,  by  calculation,  that  the  velocity  of  the  gas  in  a 
straight  pipe  would  be  8.3  ft.  per  second  and  the  amount  delivered 
would  be  6,000  cubic  feet  per  hour.  To  deliver  the  same  amount 
with  one  90°  bend  would  require  a  pressure  of  4.(»0598  inches^ 
and  with  10  bends  4.0598  inches.  Or  to  express  it  in  another 
way,  the  introduction  of  10  bends  would  cut  down  the  amount 
delivered  from  6,000  cubic  feet  to  5,955  cubic  feet,  the  pressure 
remaining  at  four  inches  of  water.  The  pressure  exerted  by 
four  inches  of  water  is  bnt  0.143  lbs.  per  square  inch.  It  will 
thus  he  seen  that  an  increase  in  specific  gravity  is  more  control- 
ling than  elbows  in  gas  distribution,  but  that  both  of  them  may 
be  overcome  by  an  insignificant  increment  in  the  energy  applied 
to  transmission. 

As  regards  leakage,  there  is  no  question  that  in  some  cases  the 
leakage  from  gas  mains  reaches  as  high  as  10  per  cent,  per  mile, 
but  a  gas  engineer  who  to-day  would  lay  down  a  line  of  pipe 
that  would  leak  to  that  extent,  would  be  received  by  his  brethren 
with  about  the  same  eefat  as  would  the  electrical  engineer  who 
would  construct  an  electrical  circuit  that  leaked  to  the  same  ex- 
tent. I  believe  it  to  be  a  fact,  that  it  is  easier  and  cheaper  to  pre- 
vent leakage  of  gas  at  the  pressures  ordinarily  used,  than  it  is  to 
prevent  electrical  leakage  at  customary  voltages. 

Mr.  Childs  quotes  me  as  saying  that  I  would  not  recommend 
storage  batteries  under  any  circumstaneep,  which  is  corj^ct  asLfar 
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as  it  goes,  but  he  omits  the  qualifications  under  which  this  was 
said,  viz. :  "  There  are  some  situations  in  which  either  conveni- 
"  ence  or  extreme  steadiuess  of  current  may  be  controlling,  but 
"  lohere  the  q^iestion  is  purely  one  of  economy^  I  would  not,"  etc. 
I  think  he  will  find  it  extremely  difficult  to  prove  that  what  I 
have  said  as  to  economy  is  not  strictly  true — so  true,  that  it  might 
be  in  many  cases  actually  more  economical  as  well  as  convenient 
to  use  storage  batteries  with  gas  engines,  than  to  use  steam  en- 
gines without  them, — the  greater  economy  of  the  gas  engine 
more  than  overbalancing  the  greater  interest  charges  and  losses 
in  transmission  and  in  battery  by  present  methods.  He  knocks 
my  argument  all  to  pieces,  however,  by  the  profound  statement 
that  he  "  ventures  to  say  that  none  of  us  have  ever  seen  a  gas 
engine  used  for  this  purpose  before."  Of  course,  if  Mr.  Childs 
"ventures  to  say"  this,  gas  engines  never  have  been  so  used. 
Mr.  Childs,  however,  asks  me  to  mention  a  central  station  using 
gas  engines  to  take  the  peak  of  the  load,  and  I  will  refer  him  to 
the  Danbury  and  Bethel  Gas  and  Electric  Light  Co.'s  plant  at 
Danbury,  Ct.  This  is  a  small  station,  employing  three  100  h.  p. 
(nominal)  gas  engines,  one  of  which  is  held  in  reserve.  A  series 
of  five  eight-hour  Prony  brake  tests  of  the  engines  by  Messrs. 
McDonald,  Braine  and  Alerritt,  Jr.,^  showed  the  production  of 
an  indicated  h.  p.  on  a  consumption  of  1.8  lbs.  of  coal.  This  is, 
I  think,  an  exceedingly  good  showing  for  a  station  of  this  size, 
operated  by  units  so  totally  unfit  for  the  purpose,  but  by 
no  means  what  it  should  be.  The  gas  generator  produced 
only  40  cubic  feet  of  gas  per  lb.  of  coal,  whereas  it  should  have 
produced  about  double  this  of  gas  of  a  considerably  higher  calor- 
ific power.  The  mechanical  efficiency  of  the  engines,  as  given 
by  Mr.  Burchard,^  averaged  87.31  per  cent,  and  the  thermal  ef- 
ficiency per  indicated  h.  p.  18.01  per  cent.,  and  per  brake  h.  p. 
16.25  per  cent.  It  is  not  a  very  rash  assumption  to  say  that  had 
a  more  efficient  fuel  gas  process  been  used,  and  the  sizes  of  the 
units  been  better  adapted  to  meet  the  load  line,  the  k.  w.  output 
per  lb.  of  fuel  of  this  station,  which  for  182  days  only  averaged 
435  K,  w.  hours  per  day,  would  have  compared  favorably  with 
the  best  that  has  been  reported  to  the  National  P^lectric  Light 
Association.  This  was  from  a  station  leaving  a  daily  output  of 
nearly  23,000  k.  w.  hours,  suspected  by  some  to  be  Mr.  Edgar's 
station  at  Boston. 

I  am  placed  in  a  somewhat  awkward  dilemma  by  the  com- 
bined remarks  of  Messrs.  Blizard  and  Childs,  in  regard  to  the 
letters  from  which  I  quoted,  and  from  which  I  did  not  quote. 
Mr.  Childs  takes  me  to  task  for  quoting  a  letter  of  such  ancient 
date  as  June  18th,  1694,  and  Mr.  Blizard  takes  me  to  task  for  not 
quoting  one  of  still  more  ancient  date,  viz.,  June  11,  1894. 

According  to  storage  battery  men,  the  storage  battery  is  mak- 

1.  The  tStevem  Indicator,  July,  1894. 

2.  Paper  before  Society  Mechanical  Engineers,  April  10,  189  >.  by  Anson  W. 
Burcham.  r  "^^^^T^ 
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ing  such  phenomenal  progress,  that  the  layman  (and  by  layman  1 
mean  everybody,  electrical  engineers  included,  who  are  not  pro- 
fessional storage  battery  promoters)  can  not  keep  up  with  it.  If 
we  make  any  statement  as  to  the  performance  of  the  storage 
battery,  they  say,  "  Well,  yes,  but  that  was  yesterday ;  you  ought 
to  xorite  to  us,  however,  and  find  out  what  we  are  doing  to-day." 
It  may  strike  some  as  being  a  little  strange  that  when  they  are 
on  their  feet  telling  us  to  write  for  information,  they  do  not  give 
us  the  information  then  and  there,  but  they  never  do. 

As  illustrating  the  great  and  rapid  progress  in  the  perfection 
of  the  storage  battery,  I  would  point  to  the  two  letters  from  the 
president  of  the  company.     In  tlie  letter  of  June  11th  he  wrote : 

"  We  will  undertake  to  "maintain  the  installation on  a 

"  basis  that  will  limit  the  cost  of  perpetual  maintenance  to  10 
"  per  cent,  per  annum  on  original  cost." 

Within  one  week  the  battery  had  been  so  far  improved  that 
the  president  was  enabled  to  write  on  June  IS  that  they  would 
guarantee  it  for  10  per  cent,  per  annum  on  the  list  price^  pro- 
vided we  packed  and  sent  back  to  the  factory,  at  our  own  ex- 
pense, the  old  plates. 

Last  February  I  estimated  the  cost  of  storage  batteries  at  $35 
per  H.  p.  hour.  Mr.  Herbert  Lloyd,  General  Manager  of  the 
company,  corrected  me  by  saying,*  that  my  figures  were  50  per 
cent,  too  high.  If  that  were  so,  then  the  price  at  that  time  was 
$22.33,  and  the  perfection  of  the  processes  of  manufacture  has 
increased  during  the  nine  months  just  passed  so  far,  that  they 
are  todav  able  to  sell  batteries,  according  to  Mr.  Childs,  at  from 
$37  to  $40  per  k.  w.  hour,  which  is  equivalent  to  $27.75  to  $30 
per  H.  p.  hour.  There  is  nothing  like  numerical  examples  to  fix 
upon  the  mind  incomprehensible  magnitudes.  But  why  do 
storage  battery  authorities  persist  in  confining  their  estimates  of 
cost  to  K.  w.  or  H.  p.  hours  ?  Why  do  they  carefully  avoid  kilo- 
watts and  horse- powers  ?  Certainly  not  because  they  can  quote 
K.  w.  hours  at  $37  to  $40,  and  would  have  to  quote  kilowatts  at 
$120,  for  that  would  be  misleading.  But  in  order  that  we  may 
make  a  comparison  of  the  relative  investment  charees,  will  Mr. 
Childs  tell  us  what  would  be  a  fair  figure  upon  which  to  base  an 
estimate  for  a  dynamo  per  k.  w.  hour  capacity  ? 

Considerable  was  said  at  the  meeting  about  the  lack  of  appre- 
ciation among  engineers  of  the  storage  battery.  Some  speakers 
assigned  one  cause,  and  some  another ;  but  I  think  Abraham 
Lincoln  came  nearer  to  it  than  any  of  them  in  his  account  of  a 
certain  steamboat  on  the  Mississippi.  He  said  that  it  had  such 
a  little  boiler  and  such  a  big  wnistle,  that  it  had  to  stop  to 
whistle. 

May  it  not  be  that  the  reason  the  storage  battery  has  not  made 
more  progress  in  this  country  is  that  its  ooiler  is  small  and  its 
whistle  is  big,  and  that  it  has  been  whistling  too  much  \ 

1.  Tranmctioru  Nat.  Elec.  Light  As8*n,  1895,  and  all  of  the  electrical  joumals, 

both  AiiiericAn  and  Eoelish.  f  " r^r^r^\r> 
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D18CUS8ION   AT   CfllOAQO. 

A  meeting  of  the  Western  members  was  held  in  room  1737 
Monadnock^loek  on  Wednesday  evening,  November  20.  There 
were  present  about  20  members  and  VZ  visitors.  Prof.  H.  S. 
Carhart  was  elected  Chairman  for  the  evening.  The  discussion 
of  *'  Storage  Battery  Applications "  was  opened  by  Messrs. 
Arnold  and  Abbott,  who  read  specially  prepared  communica- 
tions. The  communications  presented  at  New  York  were  re- 
ferred to,  but  not  read. 

Communication   by  Arthur  V.   Abbott   and  Franz  J.  Dom- 
MKRQu?  ON  "Accumulator  Economics." 

It  is  true  that  the  Europeans  have  made  quite  a  large  number 
of  installations  of  cells,  and  with  good  success,  but  in  this  country 
this  has  not  been  the  case  as  far  as  lighting  is  concerned.  In 
the  telephone  service  we  have  made  of  late  rather  an  interest- 
ing application  of  small  cells.  It  is  in  that  service  which  form- 
erly operated  all  the  subscribers'  transmitters  at  the  various 
stations  in  the  city  by  means  of  primary  cells.  A  little  more 
than  a  year  ago  it  occurred  to  us  to  replace  the  primary  cells  by 
a  small  storage  cell,  charging  the  same  continuously  from  the 
main  office,  excepting  at  the  time  when  the  subscriber  was 
using  the  telephone  in  conversation.  When  the  receiver  is  taken 
ofE  the  hook,  the  charging  circuit  opens,  stopping  the  charring 
current  for  tne  time  being,  and  allowing  the  local  storage  ceil  to 
discharge  quite  rapidly  through  the  subscriber's  transmitter  for 
the  purpose  of  conversation.  Our  installation  has  not  been  in 
service  long  enough  to  pronounce  a  conclusive  opinion  upon  it 
as  to  the  durability  of  cells  of  this  kind.  It  is  certainly  very 
gratifying  as  far  as  it  has  gone.  We  have  found  that  the  main- 
tenance of  the  local  storage  cell  is  less  than  that  of  the  local 
batteries.  As  to  whether  the  plates  of  the  cell  will  last  as  long 
as  we  hope  for,  is  a  matter  that  future  experience  only  can 
settle.  In  instances  where  the  operation  has  been  carefully  made, 
and  the  installation  properly  and  carefully  attended  to,  we  see 
no  signs  of  deterioration  m  the  plates.  They  seem  as  good  to-day 
as  they  were  15  or  18  months  ago.  In  cases  of  carelessness, 
either  on  the  part  of  the  manufacturer,  or  on  the  part  of  the 
users  of  the  cells,  it  is  unreasonable  to  expect  that  the  cells  will 
not  suffer  deterioration. 

This,  we  regret  to  say,  is  the  limit  of  our  individual  experi- 
ence with  the  durability  of  storage  cells.  We  feel  that  there 
is  no  question  at  all  that  they  are  a  vast  improvement,  both  from 
a  service  standpoint  and  from  an  economical  standpoint,  over  the 
primary  cell. 

In  the  foUovring  we  have  taken  what  is  perhaps  a  well-worn 
theme,  and  that  is,  the  advisability.  Or,  rather,  an  instance  of  the 
advisability  of  storage  battery  installation  by  comparing  the  cost 
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of  an  electric  lighting  plant  capable  of  supplying  the  entire 
city  of  London,  as  indicated  by  this  diagram,  which  was  taken  a 
little  over  a  year  ago,  with  a  steam  plant  alone,  or  with  a  steam 
plant  with  accumulator-regulation. 

In  the  electrical  installations,  whether  they  may  be  for  lighting 
or  for  power  distribution,  electricians  have  been  seriously  ham- 
pered so  far,  due  to  the  fact  that  their  station  must  be  sufficient 
to  supply  the  maximum  demand  that  can  be  put  upon  it.  We 
have  no  form  of  reserve.  In  gas  works  the  retort  plant  may  be 
comparatively  small  and  run  24  hours  for  365  days  in  the  year. 
The  break  of  gas  in  the  holders  is  reasonably  inex  plosive,  and 
in  the  holders  we  may  store- up  22  hours  out  oif  the  24,  the  breaks 
of  the  retorts  to  it  use  the  other  tWo  hours.  With  water  power 
we  may  build  a  dam,  and  the  stream  flowing  into  it  may  increase 
the  reservoir  capacity  all  night  long,  although  the  wheel  turns 
but  eight  hours  out  of  the  24.  In  other  forms  of  manufacture 
we  are  able  to  store  up  a  sufficient  quantity  of  material  for  a 
sudden  or  unusual  demand  during  a  snort  period ;  but  in  elec- 
trical installation  this  cannot  be  done.  The  demand, as  indicated 
in  the  diagram,  is  exhaustive  between,  say,  4  and  7  p.  m.  During 
that  time  the  current  rises  to  11,600  kilowatts.  During  the  other 
21  or  22  hours  of  the  day  it  is  a  comparatively  small  demand. 

There  have  been  in  Europe  a  good  many  plants  that  have 
adopted  storage  cells  for  the  purpose  of  equalizing  the  load  line, 
and  for  the  purpose  of  reducing  the  investment  and  size  of  the 
steam  plant. 

The  European  installations  have,  as  far  as  we  know,  been  uni- 
formly successful.  Why  it  is  that  they  have  not  been  introduced 
into  this  country  to  a  greater  extent,  we  are  not  aware.  With 
the  exception  of  the  Edison  company,  there  have  been  almost  no 
installations  of  that  character. 

The  European  engineers  have  investigated  load  diagrams 
thoroughly  and  succeeded  in  cutting  off  the  peak.  How  did 
they  do  it  i  Simply  by  developing  accumulators.  They  brought 
it  down  to  such  a  point  that,  lor  instance,  in  the  Hanover  sta- 
tion, the  accumulators  are  kept  in  perfect  order  by  the  manufac- 
turers, for  the  consideration  of  four  per  cent,  on  the  original  cost, 
for  ten  years,  and  are  handed  to  the  city  at  the  end  of  the  ten 
years  in  iirst-class  service  condition,  the  efficiency  of  the  ac- 
cumulators being  96  per  cent,  in  ampere  hours,  or  78.4  per  cent, 
in  watt  hours. 

In  order  to  give  an  idea  of  the  ratio  of  capital  expended  on 
accumulators,  to  capital  expended  on  the  rest  of  plant,  the  rating 
of  the  property  as  it  stood  at  the  end  of  the  year  1893-1894  may 
be  written  down. 

Lot  and  building 628.075.71  marks. 

Machinery 296,023.28      * ' 

Accumulators 126,000.00      '* 

Line 588,866.87      ** 

Water  facilities 44,968.01      *' 


Digitized  by 


Google 


1895.]  DISCUSSION  IN  CHICAGO.  639 

Tools,  instruments  and  furniture 29,489.80  marks. 

Electricity  meters : eO,Hn0.89      ** 

Street  lighting 15,758.07      *' 

Stores 16,489.4 

Miscellaneous  ..   18,439.64      " 

Interest  and  stock  market  loss 128,634  08      ** 

In  the  case  of  Dusseldorf,  the  accumulators  range  higher  yet, 
while  the  total  installation  cost  is  put  down  at  2,260,000  marks. 
The  accumulators  alone  are  credited  with  280,000  marks. 

Fig.  1  shows  the  combined  output  of  the  whole  London  central 
stations  during  the  24  hours  ending  at  t)  a.  m.  on  the  20th  of 
December,  1894. 

The  correct  level  to  base  the  calculation  upon,  is  the  day  of 
highest  load,  and  it  will  not  be  far  out  to  choose  the  diagram  of 
the  20th  of  December  for  this  purpose. 

The  load  curve  shows  a  maximum  load  of  11,600  kilowatts,  or 

lli^'M^  =  15,700  H.  P., 
740  '  ' 

and  a  minimum  load  of  800  k.  w.  equals 

»^^^  =  1,080  „.  P., 
740  ' 

the  load  factor  being  33  per  cent. 

First,  it  may  be  ascertained  what  would  be  the  expense  if  reg- 
ulation was  performed  by  shutting  down  part  of  the  plant ; 
afterward  the  expense  with  accumulator  regulation  will  be  cal- 
culated, and  the  comparison  between  the  two  obtained  values 
will  be  the  decision  as  to  which  system  of  regulation  is  prefer- 
able. In  the  first  instance  the  plant  has  tol)e  fitted  up  with 
machinery  capable  of  supplying  the  demand  at  maximum  load 
=  15,700  H.  p.  From  the  load  diagram  it  will  be  seen  that  dur- 
ing about  14  hours,  the  load  does  not  exceed  3,000  h.  p.  to  any 
extent.  This  is  of  great  importance  for  the  choice  of  units. 
Choosing  five  units  at  3,000  h.  p.  each,  would  take  care  of  the 
maximum  load  also,  as  for  a  very  short  time  during  the  day  the 
engines  and  dynamos  could  be  overloaded  a  trifle ;  the  necessity 
of  doing  this  would  only  occur  in  a  few  winter  days  anyhow. 

The  items  required  to  determine  the  expenses  would  be  : 

Cost  of  fuel  per  year. 

Cost  of  labor. 

Cost  of  supplies  and  repairs. 

Interest  and  depreciation  on  plant. 

It  has  been  ascertained  by  Mr.  Fritsche  that  the  average  load 
throughout  the  year  is  16.375  per  cent,  of  the  maximum  load, 
hence, 

.6  X  15,700  X  16.375  ^         3  „  ^  ^ 

100  '  K  ' 


or, 


1,543  X  24  X  365  =  13,513,180  h.  p.  per  year ; 
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the  amount  of  coal  used  per  h.  p.  hour  being  abont  1^  lbs. 
For  such  large  units  as  are  used  in  this  case,  it  would  require 
13,513,180  X  li  lbs.  per  year,  but  to  maintain  banked  nres, 
when  part  of  the  boilers  are  shut  down,  and  bring  the  fires  to 
average  working  condition  t^ain,  an  allowance  should  be  made^ 
which  in  the  present  case,  where  3,000  h.  p.  is  always  required, 
does  not  amount  to  very  much.  Assume  an  addition  of  20  per 
cent,  on  the  3,000  h.  p.  for  the  14  hours,  or  600  X  14  X  365 
=  3,066,000  H.  p.  hours  per  year.  The  total  h.  p.  hours  would 
equal  13,513,1^0  +  3,066,000  =  16,579,180  h.  p.  per  year, 
and  the  amount  of  coal  used  would  equal  16,579,180  X  li 
—  24,868,770  lbs.,  or  12,435  tons  (of  2,000  lbs.).  The  price 
of  coal  per  ton  may  be  taken  at  $2.25,  then  the  cost  of  fuel  per 
year  equals  12,435  X  2.25  =  $28,000  in  round  numbers. 

The  cost  of  labor  is  determined  as  follows :  One  attendant  is 
required  per  unit,  or  five  in  all,  at  25  cents  per  hour,  equals  an 
expense  per  hour  of  $1.25.  Ten  firemen  and  two  helpers  at  the 
same  rate,  or  an  outlay  of  $3.00  per  hour.  This  fixes  the  cost 
of  labor  at  $4.25  per  hour.  Add  for  superintendence  $1.50  per 
hour,  obtaining  a  total  of  $5.75  per  hour,  or  $5.75  X  8,<60 
=  $50,370  per  year. 

Cost  of  supplies  and  repairs  is  found,  applying  Dr.  Emery's- 
results  obtained  from  the  cotton  mills  of  Fall  Eiver,^  as 
13,513,180  X  $0.0008  =  $10,810  in  round  numbers. 

It  remains  yet  to  determine  the  interest  and  depreciation. 

Money  is  obtainable  at  five  per  cent.,  and  the  amount  neces- 
sary to  provide  for  depreciation  should  not  be  any  more ;  there- 
fore 10  per  cent,  is  assumed.  The  cost  of  steam  plant,  taken  at 
$64  per  h.  p.  (Emery's  value)  -|-  ^  surplus  power,  a  plant  of 

15,700  + 1^ 

8 

equals  in  round  numbers  17,700  h.  p.,  as  required  which  will 
cost  17,7U0  X  64  =  $1,132,800,  lu  per  cent,  of  which  is 
$113,280.  The  cost  of  dynamo,  switchboard  and  accessories  may 
be  taken  at  $35  per  k.  w.,  or  $25.90  per  h.  p. 

The  cost  of  15,700  h.  p.  will  be  15,700  X  25.90  =  $3;^5,000, 
the  interest  and  depreciation  of  which,  on  the  basis  of  10  per 
cent.,  will  amount  to  $39,500. 

The  total  expense,  therefore,  per  year  will  be  $28,000 
+  50,370  +  10,810  +  113,280  +  39,500  =  $241,960  for  re- 
gulation by  shutting  down  part  of  the  plant. 

To  calculate  the  expense  for  accumulator  regulation,  the  load 
diagram  has  to  be  studied.  The  kilowatts  found  by  integrating 
the  area  below  the  load  curve  gives  the  watt  hours  to  be  delivered 
to  the  line ;  this  is  found  to  be  100,800,000  watt  hours.  The 
engines  in  this  case  have  to  generate  an  additional  amount  to 
make  up  for  the  loss  in  the  accumulators.  The  total  amount 
may  be  designated  for  the  present  by  x  watt  hours ;  x  watt  hours 
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may  have  to  be  supplied  by  the  accumulators,  and  z  watt  houre 
by  the  dynamos  in  24  hours ;  2  may  be  the  effect  to  be  produced 
by  the  dynamos  in  watts.  If  the  eflSciency  of  the  accumulators 
is  taken  as  75  per  cent,  (which  is  not  too  high  by  European  ex- 
perience), -^  y  or  1 J  y  have  to  be  given  to  the  accumulators  to 
enable  them  to  give  y  to  the  line,  hence  i  y  is  lost  in  the  accumu- 
lators :  2  will,  therefore,  be  equal  to  100,800,000  +  i  y.  If 
there  was  no  loss  in  accumulators,  2  would  equal  100,800,000, 
and 

z  =  1^2»00  ^  ^200,000  watte. 
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Pio.  1. 

This  value  is  plotted  in  Fig.  1  as  a  dotted  line ;  this  line 
cuts  off  the  peak  and  would  give  the  dynamo  rating  in  watts,  if 
there  was  no  loss  in  the  accumulators ;  by  integration  this  amount 
is  found  to  be  29,400,000  watt  hours.  This  value  inserted  in  the 
equation : 

2  =  100,800,000 +  iy 
gives 

2  =  100,800,000  +  9,800,000  =  110,600,000  watts  per  day, 
and 

.  =  110,600^  ^  ^  g^8,333  watts. 
24  '       ' 

This  value  is  plotted  again  in  the  diagram,  and  the  new  value 
for  the  area  of  the  peak  found  as  28,800,000  watt  hours.  Insert- 
ing this  value  again  in  the  equation,  the  value  of  2  is  found  this 
time  as: 

2  =  100,800,000  +  28,800,000  _  iio,400,000  watts  per  day, 
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and 

110,400,000        .  ^^,,  ^,,^       . . 
s  = 1 — ^ =r  4,b00,000  watts. 

Now  the  value  of  4,200,000  watts  for  z  would  renders  for  the 
dynamos  too  low,  as  no  loss  in  accumulators  was  assumed,  and 
z  =  4,608,333  watts  makes  it  too  high,  as  the  accumulator  loss 
is  taken  in  that  case  too  high,  the  value  of  z  =  4,600,000  is 
nearer  to  the  correct  value,  and  may  be  taken  in  the  present  caee 
for  the  correct  value,  though  it  is  possible  to  come  closer  to  the 
correct  value  yet.  Plotting  a  line  corresponding  to  4,600,000, 
which  may  be  a,  S,  c,  d,  then  the  area  ^,  S,  c,/*,  i,  A  gives  the 
watt  hours  delivered  by  the  dynamos  direct  to  the  fine ;  the 
area  a,  S,  e  plus  <?,  rf,/*,  the  watt  hours,  charged  into  the  accumu- 
lators. 

The  engine  power  required  under  the  assumption  of  90  per 
cent,  efficiency  of  the  dynamos  would  be : 

4,600,000  ^  g  2^5  H.P.  +  10^  =  6,836.5, 

740  I         /  J  > 

orlin  round  numbers  6,850  h.  p. 

It  remains  to  determine  the  size  of  the  accumulators.  In  the 
load  diagram  a  dotted  curve  is  sketched  in,  which  is  constructed 
on  the  assumption  that  the  lamp  voltage  should  be  110  volts 
with  an  allowable  loss  of  1 0  volts.  The  new  curve  represents 
the  ampere  load,  the  scale  of  amperes  being  at  the  right  side. 
f\i  The  dynamos  deliver  all  through  the  24  hours  4,600,000  watts, 
.  therefore,  at  the  time  of  greatest  consumption,  which  is  at  5:30, 

4,600^  =  38,333  amperes 

will  be  the  dynamo  current,  and  the  highest  discharge  current  is 
obtained  by  subtracting  these  38,333  amperes  from  the  total 
current  at  this  time :  96,6(^6  —  38,333  =  58,333  amperes.  The 
total  current  at  4  p.  m.  is  50,000  amperes,  corresponding  to  a 
loss  of 

50^000^0  ^  ^2  ^^^^^^ 
96,666 
Hence  the  dynamo  current  equals  : 

l»^  =  39,930  amperes. 
115.2 

At  10  p.  M.  the  total  current  is  again  50,000  amperes,  and  wo 
obtain  at  this  time  the  dynamo  current  also  =  39,930  amperes. 
At  8  p.  M.  the  total  current  is  70,000  amperes,  as  seen  from  the 
curve,  corresponding  to  a  loss  of 

^^>Q^0  X  1"  ...  7.23  volte. 
96,666 

Hence, 
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The  dyuaino  current  =  ^i^^^^>^^^  =  39,240  ami>eree. 
^  117.23  '  ^ 

Plotting  these  values  obtained  for  the  dynamo  current  at  the 
different  hours  into  the  diagram,  the  curve  k^  Ij  nij  n,  if  inte- 

f  rated,  will  give  the  accumulator  capacity  =  240,000  anipere 
ours.  From  the  price  list  of  the  Electric  Storage  Battery  Com- 
pany, a  cell  of  5,000  ampere  hours  capacity  costs  $375.  If  there 
18  such  a  great  quantity  needed,  the  price  of  $375  would  be  re- 
duced at  least  to  $250. 

— ^ —  =  48  cells  in  parallel  would  be  required. 
5,000  ^  ^ 

The  potential  of  one  cell  is  1.85  volts,  and  as  a  maximum  of 

120 
120  volts  is  required,         ■  =  65  cells  as  needed,  hence  the  total 
1.85 

number  of  cells  =  65  X  48  =  3,120. 

Price  of  cells  =  3,120  X  250  =  $780,000;  interest  may  be 
fixed  at  five  per  cent,  and  depreciation  at  fi\^e  per  cent. 

Then  interest  and  depreciation  on  accumulators  =  $78,000. 

For  switchboards  and  meters  a  first  cost  of  10  per  cent,  on 
the  accumulators  would  not  be  too  low,  the  interest  and  depre- 
ciation on  which  may  be  taken  at  10  per  cent.,  then  the  annual 
expense  for  switchboard  and  meters  equals  $10,920. 

The  steam  plant  required  was  found  as  (5,850  h.  p.  Taking 
again  the  cost  per  h.  p.  at  $64  -[-  ^  surplus  power  would  give : 

64  (6,850  -f   M^\  =  7,310  X  64  =  $467,840  ; 

interest  and  depreciation  at  10  per  cent,  would  give  $46,784. 

The  dynamo  plant,  figured  at  $25.90  per  h.  p.,  would  amount 
to  6,850  X  25.90  =  $177,420  ;  10  per  cent,  interest  and  depre- 
ciation gives  annual  expense  for  dynamos  and  switchboard  as 
$17,742. 

The  amount  of  coal  used  per  annum  would  be  6,860  X  24  X  365 
X  .16375  X  li  =  12,282,887  lbs.,  or  6,141  tons  of  2,000  lbs. 
Then  taking  the  cost  per  ton  again  at  $2.25,  the  expense  for 
fuel  would  be  6,141  X  2.25  =  $13,820. 

Cost  of  labor  will  be  found  as  follows : 

Three  attendants  at  25  cents  per  hour,  expense  per  hour  $.75; 
four  firemen  and  one  helper,  at  same  rate  per  hour,  $1.25 ;  plus 
$1.50  for  superintendence,  which  makes  a  total  of  $3.50  per  hour, 
or  3.50  X  8,760  =  $30,660  per  year. 

Cost  of  supplies  and  repairs  equals  6,850  X  24  X  365  X  .0008 
X  .16375  =  5,550  per  year. 

Adding  all  determined  expenses,  78,000  +  10,920  +  46,784 
+17,742  +  13,820  +  30,660  +  5,550  =  $203,476,  against 
$241,960  found  for  regulation  by  shutting  down  part  of  the 
plant. 
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Mr.  F.  J.  DoMMEBQUE : — I  would  like  to  instance  a  few  points 
which  I  liave  noted  in  Germany.  I  have  had  occasion  to  meet 
several  engineers  who  had  charge  of  large  accumulator  stations 
in  Germany  about  three  years  ago,  and  asked  them  their  saving 
in  their  special  stations,  and  found  it  not  less  than  30  per  cent. 
I  think  that  further  savings  could  be  eifected,  as  the  accumulators 
could  be  placed  in  cellars,  or  in  the  third  or  fourth  stories  of 
buildings,  and  so  the  outlay  for  buildings  would  be  decreased. 
In  one  city  I  found  that  the  accumulators  were  placed  two  or 
three  miles  from  the  station  itself.  Mv  experience  has  been  that 
the  first  outlay  was  considerably  higher  than  the  entire  steam 
plant,  and  it  was  feared  the  first  time  it  would  not  pay  at  all, 
and  that  the  city  would  have  considerably  money  to  pay  in  addi- 
tion to  the  income.  It  was  figured  out,  and  it  was  shown,  that 
where  accumulators  are  used  to  any  extent,  that  it  was  cheaper 
to  use  them  than  it  was  to  use  the  battery  engines. 

Mb.  Cabl  K.  MacFadden  : — I  have  a  set  of  accumulators 
about  180  in  numbei^  located  at  a  large  gas  engine  central  sta- 
tion in  this  city,  and  although  I  cannot  say  the  battery  is  taking 
a  great  deal  oi  our  evening  load,  I  have  every  reason  to  believe 
that  if  we  had  the  right  size  of  storage  batterv  auxiliary,  we 
would  get  some  excellent  results.  We  have  installed  an  electric 
light  station  of  over  400  horse-power  in  gas  engines  here  in  the 
city,  and  have  found  in  a  number  of  cases  mat  although  the 
battery  plant  has  a  capacity  of  not  over  600  ampere-hours,  it 
has  helped  us  in  a  wonderful  way  when  we  have  had  trouble 
with  an  engine,  and  we  have  found  it  especially  valuable  in  very 
light  loads,  when  it  would  not  pay  us  to  run  the  smallest  engine, 
miich  is  of  80  horse-power.  I  can  see  a  very  good  chance  of 
supplying  storage  batteries  in  certain  stations,  such  as  I  have 
spoken  of,  and  1  notice  that  it  is  being  taken  up  to  an  ever- 
increasing  extent  in  European  stations.  With  the  improved  meth- 
ods of  manufacturing  storage  battery  plates,  and  with  the 
guarantees  which  some  of  the  larger  manufacturers  are  now  able 
to  give,  I  see  no  reason  why  they  should  not  be  used  to  as  cor- 
respondingly great  an  extent  in  America  as  in  Europe.  In  small 
gas  engine  stations,  there  has  been  considerable  attention  paid  to 
storage  battery  auxiliaries.  In  large  gas  engine  stations,  storage 
batteries  will  be  used  in  conjunction  with  improved  types  of  gaa 
engines,  so  as  to  keep  the  engine  up  to  its  best  load,  tor  the  gas 
engine  ought  to  be  loaded  up  to  its  rated  load  to  get  it^  best  re- 
sults, the  same  as  the  ordinary  steam  engine. 

Mb.  Ludwio  Gdtmann  : — 'the  reason  that  the  storage  battery 
business  is  so  well  developed  in  Europe  and  almost  neglected  in 
America  can,  no  doubt,  be  traced  to  the  fact  that  in  Europe  un- 
til within  the  last  year  or  two,  with  few  exceptions,  all  installa- 
tions were  of  the  low  tension  continuous  current  type.  In  many 
places,  especially  in  theaters,  it  was  compulsory  to  provide  means, 
such  as  storage  batteries,  to  prevent  a  sudden  giving  out  of  light, 
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due  to  defects  in  machines.  On  tlie  other  liand  we  find  in 
America  the  majority  of  installations  of  the  high  tension  alter- 
nating current  order.  I  remember  having  seen  stations  some 
eight  or  nine  years  ago  in  Enjrland,  for  instance,  that  of  the  Al- 
harabra  Theater  in  London,  in  which  the  engine  and  dynamo 
capacity  were  selected  smaller  than  necessary  for  the  total  out- 
put. The  balance  was  installed  in  storage  batteries,  which  were 
charged  during  the  day  and  helped  the  two  Edison  dynamos  at 
night  to  supply  the  light,  while  they  were  also  used  in  the  day 
time  to  supply  the  few  lamps  that  were  needed  all  over  the 
house. 

Here  in  America  there  was  not  such  a  great  need  for  storage 
batteries,  or,  if  it  existed,  it  was  not  satisfied  because  capital  was 
afraid  of  master  patents  such  as  Brush,  Faure  and  Plante,  and, 
no  doubt,  a  pressure  was  exercised  by  the  companies  controlling 
these  patents  on  others  who  wanted  to  venture  into  the  storage 
battery  business. 

However,  now  the  fundamental  patents  having  expired,  we 
will  experience  a  greater  activity  in  the  development  and  manu- 
facture of  storage  cells.  The  need  for  such  cells  has  been  grow- 
ing steadily,  and  I  believe  that  no  great  stimulation  is  required 
for  their  introduction. 

In  Europe  circumstances  aided  the  development  of  this  branch, 
and  among  these  were  the  prohibition  of  overhead  wires  in  many 
cities,  and  the  use  of  too  great  engines,  which  would  have  needed 
considerable  valuable  space,  heavy  foundations,  also  large  space 
for  receiving  and  storing  coal.  The  battery  was  a  means  of  per- 
mitting the  use  of  a  smaller  engine  and  dynamo  and  storage  of 
the  energy,  preparatoiy  to  the  heavy  demand. 

It  seems  to  be  an  American  trait  to  neglect  one  undeveloped 
branch  of  the  business  at  the  expense  of  another  which  is  advanced 
to  the  greatest  extent.  I  wish  to  remind  you  of  the  sudden  start 
of  many  engineering  firms  into  the  high  tension  alternating  cur- 
rent work  in  1887  and  1888;  then  the  vigorous  attack  on  the 
railway  motor  and  its  development,  and  now  since  that  has  also 
passed  into  a  field  of  stability,  there  is  a  unanimous  attack  pre- 

{)ared  to  solve  the  storage  battery  problem.  The  fruit  is  worth 
ooking  for,  as  the  usefulness  of  the  storage  battery  is  far  greater 
than  may  be  thought  for  at  first  sight  by  many.  It  will  not  be 
restricted  to  low  tension  continuous  current  work,  but  it  will  be 
used  in  central  station  distribution  by  means  of  high  tension 
single  and  pluri-phased  alternating  currents  which  are  changed 
by  rotary  transformer  into  continuous  currents  to  charge  the  bat- 
teries with  the  surplus  energy  the  dynamos  develop  at  the  time 
of  light  loads. 

ifi.  Sheehy  : — With  reference  to  my  experience  with  storage 
batteries  in  connection  with  signal  work,  I  will  say  that  it  is  of 
very  recent  date,  and,  in  fact,  I  might  say  that  the  various  classes 
of  batteries  have  been  used.     I  had  to  do  with  the  first  one  used 
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in  this  country,  as  well  as  those  brought  from  Europe.  I  do  not 
think  there  is  anything  I  can  say  to  add  to  the  discussion  thia 
evening.  So  far  as  my  faith  in  storage  batteries  is  concerned,  I 
believe  very  emphatically  in  its  use,  and  would  even  go  further 
in  ray  endorsement  than  any  one  here  to-night  has  gone. 

Mr.  M.  H.  Gerry,  Jr.  : — I  am  much  interested  in  the  appli- 
cation of  storage  batteries,  and  have  listened  with  great  pleasure 
to  the  remarks  I  have  heard  this  evening.  I  am  profoundly  im- 
pressed with  the  desirability  of  using  storage  batteries  in  connec- 
tion with  fluctuating  loads  for  both  lighting  and  power  purposes^ 
provided  that  batteries  can  be  found  which  will  satisfy  commercial 
conditions.  Much  has  been  written  in  the  past  in  regard  to  the 
gseat  losses  and  rapid  deterioration  of  storage  batteries,  but  I  can- 
not help  thinking^  that  the  results  may  have  been  partially  dne 
to  improper  handling,  or  inefficient  apparatus  for  regulating  the 
charging  or  discharging  currents.  If  a  storage  battery  can  be 
obtained,  costing  not  more  than  the  same  kilowatt  capacity  of  a 
first-class  prime  mover,  having  a  commercial  efficiency  of  75  per 
cent.,  and  a  cost  of  maintenance  not  greater  than  six  percent,  of 
the  investment,  then  such  a  battery  can  be  used  in  a  great  many 
power  stations  with  advantage  in  point  of  economv.  It  is  only 
a  question  now,  whether  such  a  battery  can  be  obtained,  and  a 
great  many  practical  engineers  are  looking  with  considerable  in- 
terest in  the  direction  of  storage  battery  manufacturers. 

I  have  listened  with  pleasure  to  the  gentlemen  here  to- 
night who  have  had  large  experience  in  this  attractive  field,  but 
regret  that  they  have  not  said  more  in  regard  t^^  deterioration^ 
and  to  the  maximum  discharge  which  batteries  can  safely 
stand.  I  would  like  to  add  a  word  in  reference  to  the  rating. 
The  present  method  of  stating  the  capacity  in  kilowatt-hours 
or  ampere-hours  is  not  altogether  satisfactory.  More  important 
than  the  total  capacity  in  the  application  to  fluctuating  loads  is 
the  maximum  rate  at  which  a  battery  can  be  repeatedly  dis- 
charged without  seriously  damaging  it.  A  kilowatt  rating  rep- 
resenting this  maximum  discharge  would  be  of  more  value  m 
cases  of  this  kind  than  the  kilowatt-hour  or  ampere-hour  rating 
above  referred  to. 

Mb.  B.  J.  Arnold  :^-The  first  thing  which  I  wish  to  call 
attention  to  is  the  discussion  of  Mr.  Perry,  in  which  he  advocates 
the  use  of  gas  engines  for  taking  the  peak  of  the  load,  or  the 
fluctuating  load  of  electric  plants,  instead  of  batteries.  He  states 
that  under  no  circumstances  would  he  recommend  the  use  of 
batteries,  for  the  simple  reason  that  the  gas  engine  will  be  found 
more  economical.  I  think  this  is  rather  a  broad  statement,  and 
one  which  the  advocates  of  this  system  will  have  ^me  difficulty 
in  substantiating,  for  the  reason  that  gas  engines  working  on 
variable  loads  are  extremely^uneconomical,  and  not  only  are  they 
uneconomical,  but  they  are  very  sensitive  to  changes  of  load.  If 
the  load  on  a  gas  engine  changes  suddenly,  it  is  liable  to  re- 
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quire  immediate  attention  on  the  part  of  the  operator  to  keep  it 
in  operation,  as  indicated  by  my  experience  with  some  en^nes. 
It  is  probable  that  certain  makes  of  engines  are  more  reliable  in 
this  particular  than  others,  but  under  any  circumstances  it  is  al- 
most imperative  to  have  an  attendant  near  a  gas  engine  while  it 
is  in  operation,  if  working  on  variable  loads.  For  this  reason 
and  the  fact  that  the  gas  engine  is  uneconomical  at  light  loads, 
the  plan  of  placing  gas  engines  in  different  localities  over  which 
a  system  of  electrical  distributing  mains  were  being  operated,  in 
order  to  help  out  the  heavy  loads  at  distant  points  would  be  im- 
practicable, as  each  engine  would  necessitate  an  attendant  to 
start  the  engine  at  the  time  that  the  line  required  extra  power. 
On  a  railroad  circuit,  this  demand  is  constantly  changing  from 
the  negative  to  the  positive  factor,  and  if  a  gas  engine  is  used,  it 
would  be  running  a  portion  of  the  time  with  practically  no  load, 
and  the  next  instant  with  excessive  overload.  A  battery  installed 
in  the  same  locality  would  receive  the  excessive  current  delivered 
to  it  when  the  demand  on  the  line  was  light,  and  discharge  it 
into  the  line  when  the  demand  was  heavy,  automatically,  thus 
storing  the  energy  and  giving  it  back  when  needed,  without  the 
services  of  an  attendant.  The  figures  given  by  Mr.  Perry,  show- 
ing the  consumption  of  gas  at  various  loads,  show  that  the  engine 
consumes  over  three  times  as  much  gas  per  h.  p.  when  running 
at  one  h.  p.  as  it  does  at  12  h.  p.,  its  rated  capacity,  and  in  rail- 
road work  the  engine  would  be  thus  running  a  large  portion  of 
its  time,  and  1  believe  that  the  results  would  be  &r  from  satis- 
factory to  the  company  operating  such  a  system,  especially  if 
there  were  any  number  of  engines  in  operation.  A  gas  engine 
could  be  installed  as  an  auxiliary  to  a  central  station  to  carry  the 

f)eak  of  the  load  if  it  was  comparatively  steady,  as  is  the  case  in 
ighting  plants,  but  my  judgment  is  that  it  will  be  much  better 
economy  and  engineering  to  put  in  another  steam  engine,  which 
could  be  driven  from  the  same  battery  of  boilers,  steam  piping, 
etc.,  already  in  the  station,  than  to  install  a  gas  engine  and  neces- 
sitate the  attendance  of  engineers  especially  skilled  in  handling 
both  steam  and  gas  engines.  There  is  no  question  in  my  judg- 
ment but  that  a  gas  engine  plant,  installed  properly  and  run  on 
{)roducer  gas,  wiU  deliver  a  k.  w.  hour  on  the  switchboard  for 
ess  money  than  a  steam  engine  plant  can  do  it,  but  in  order  to 
do  so,  the  engines  must  be  run  at  practically  a  constant  load. 
Such  a  plant,  working  in  conjunction  with  a  battery  auxiliary,  I 
believe  to  be  the  most  feasible  solution  of  the  power  station  ques- 
tion, and  one  which  we  will  probably  come  to  in  this  country  in 
the  near  future. 

Probably  of  more  interest  than  any  general  discussion  of  this 
question  will  be  some  specific  cases  showing  the  application  of 
batteries.  I  have  brought  with  me  to-night  some  load  diagrams 
of  stations  in  which  batteries  will  be  installed.  The  first,  shown 
in  Fig.  2,  represents  the  diagram  of  a  railroad  plant  operating 
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near  Chicago.  Yon  will  notice  the  similarity  of  the  peaks,  and  t 
that  they  occnr  at  equal  intervals  of  time.  This  is  caused  by  the  | 
road  having  upon  it  a  four  per  cent,  grade,  about  one-quarter  of  ^ 
a  mile  long,  up  which  a  car  is  propelled  every  20  minutes,  there  f 
being  four  cars  in  operation  on  the  line,  and  so  spaced  that  the  j 
cars  reach  this  grade  20  minutes  apart.  The  result  is,  that  it  ^ 
was  necessary  to  install  a  very  much  larger  engine  and  generator  J/|— 
in  this  station,  in  order  to  take  the  maximum  load  of  the  line  ^ 
when  the  car  reaches  this  grade,  necessitating  the  operation  of  a  J 

250  H.  p.  engine  tlie  entire  18  hours  that  the  road  is  in  operation,  { 

merely  to  be  able  to  haul  one  car  up  this  grade,  and  to  operate  }!^~ 

the  other  three  at  the  same  time.     This  was  the  first  case  that  J 

occured  in  my  experience  wherein  I  thought  it  advisable  to  rec-  j 

ommend  the  adoption  of  a  battery  auxiliary.     After  making  an  ^r- 

accarate  test  of  the  plant,  I  found  that  the  total  average  energy  ;; 

required  from  the  power  station  to  operate  the  road  was  about  50  J  «^ 

electrical  h.  p.  ;  consequently,  if  an  engine  and  generator  of  65  < 

H.  p.  were  installed  and  working  in  conjunction  with  a  battery  ^*^ 

auxiliary,  the  road  could  be  operated  with  this  size  plant,  and  j 

the  large  engine  shut  down.    I  am  unable  to  give  you  the  results  » 

of  this  mstafiation,  as  it  is  not  yet  running,  but  hope  to  at  some  «r~ 

future  time.     You  will  readily  see  that  an  investment  for  a  65  ^ 

H.  p.  engine  and  generator  and  a  battery  auxiliary,  to  do  this  E  "" 

work,  is  much  less  than  is  at  present  carried  to  do  the  same  | 

work.  ;  ^ 

The  most  important  application  of  batteries  to  lighting  work,  > 

which  I  have  had  to  do  with,  is  the  plant  now  being  installed  in 
the  Chicago  Board  of  Trade.     In  this  plant  the  operating  ex-  le- 

penses  averse  now  about  $25,000  per  year,  using  simple  engines 
at  75  lbs.  of  steam,  hydraulic  elevators  with  compound  pumps 
working  steam  full  stroke,  and  old  style  belted  electric  plant  with 
shafting.  By  increasing  the  steam  pressure  to  125  lbs.,  installing 
new  boilers,  new  compound  engines,  and  with  direct  connected 
generators,  electric  elevators  and  a  battery  auxiliary,  we  expect 
to  reduce  the  operating  expenses  to  $15,000  a  year.    The  present  h 

system  of  operation  necessitates  the  use  of  three  shifts  of  men, 
working  eight  hours  each,  making  the  labor  pay-roll  rather  high. 
With  the  new  system,  using  the  battery  auxiliary,  there  will  be 
but  two  shifts  of  men,  working  eight  nours  each  ;  a  third  man  * 

working  but  eight  hours,  thus  reducing  the  cost  of  labor  in  the 

1)lant  very  materially,  as  the  battery  takes  care  of  the  entire 
oad  for  a  period  of  eight  hours.     At  present  it  is  necessary  to  i 

signal  \a\  the  engineer  to  start  up  the  engines  and  dynamos  when 
the  janitors  require  light  at  night,  while  sweeping  the  rooms,  and 
to  use  the  hydraulic  elevator.  With  the  new  system,  the  battery 
will  handle  the  elevator  and  lights  in  the  building  automatically  ' 

at  night. 

Referring  to  Fig.  3,  which  represents  the  load  diagram  of  the 
plant  of  the  Chicago  Board  of  Trade  as  it  now  is,  and  as  it  will  i 
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be  when  the  revised  plant  is  in  operation ;  the  lower  lines  of  the 
diagram,  representing  the  various  lighting  loads,  and  the  large 
line  Ay  a,  S,  c,  rf,  e^f^  g^  A,  «,,;,  h^  l^  ?/i,  ti,  o,  »,  y,  representing 
the  load  of  the  plant  for  2i  hours  under  the  new  conditions. 
The  paralleloffl^m  -4,  jff,  C,  D  represents  the  total  electrical 
energy  of  the  75  k.  w.  generator,  operating  from  7  o'clock  a.  m. 
until  11  o'clock  p.  m.,  over  a  period  of  16  hours,  involving  two 
shifts  of  labor  at  eight  hours  each.  That  portion  of  the  parallel- 
ogram, having  shade  lines  inclining  to  the  right  at  an  angle  of 
45  degrees,  represents  the  energy  which  will  be  delivered  from 
the  generator  to  the  batteries.  That  portion  of  the  diagram  hav- 
ing shade  lines  inclining  to  the  right,  at  an  angle  of  120  degrees 
with  the  base  line,  represents  the  energy  which  will  be  delivered 
to  the  line  direct  from  the  generator  without  the  aid  of  the  bat- 
teries, while  that  portion  represented  by  -the  shade  lines  inclining 
to  the  left,  at  an  angle  of  45  degrees,  represents  the  energy  given 
to  the  line  from  the  battery  alone.  It  will  be  noticed  that  be- 
tween the  hours  of  9  a.  m.  and  2  p.  m.  the  batteries  act  in  con- 
junction with  the  generator,  as  the  demand  is  in  excess  of  the 
capacity  of  the  generator,  while  from  11  o'clock  p.  m.  until  7 
A.  M.  the  entire  load  of  the  plant  is  carried  by  the  batteries  with- 
out the  aid  of  the  generators,  thus  leaving  all  of  the  plant,  except 
the  batteries,  idle  lor  this  period  of  the  twenty-four  hours,  and 
necessitating  but  one  attendant  during  this  time,  who  fires  the 
boilers  in  Ine  winter  for  steam  heating,  and  also  acts  as  watch- 
man. With  this  arrangement,  the  75  kilowatt  unit  operates 
for  a  period  of  sixteen  hours  at  its  maximum  economical  load, 
and  is  then  shut  down  and  stands  idle  until  the  next  operating 

Seriod.  From  this  plant  will  be  operated  1,000  16  c.  p.  incan- 
escent  lamps,  four  10  h.  p.  electric  motors,  four  30  h.p.  electric 
elevators,  and  it  is  expected  that  one  75  k.  w.  generator  will 
handle  this  load  economically  when  the  plant  is  completed,  it 
being  understood  that  the  maximum  capacity  of  these  machines 
is  seldom  required  at  any  one  time.  With  this  arrangement, 
lights  or  power  can  be  turned  on  any  part  of  the  building  at  any 
time  during  the  entire  2J:  hours  of  the  day  without  necessitating 
any  attention  from  the  engineer  in  charge,  thus  gaining  not  only 
economy,  but  a  great  feehng  of  relief  on  the  part  of  tiie  operat- 
ors, which  they  do  not  now  nave,  or  for  that  matter  do  not  have 
in  any  plant  operating  on  a  variable  load  without  the  use  of  some 
kind  01  a  reservoir,  in  the  shape  of  a  large  engine,  running  under- 
loaded, or  a  battery  auxiliary. 

Mr.  Abbott  has  given  us  a  very  carefully  prepared  discussion 
upon  the  cost  of  the  operation  of  the  London  lighting  plants, 
wnen  operating  as  they  do  now,  and  has  shown  wliat  might  be 
expected,  if  they  were  operated  with  battery  auxiliary. 

The  records  of  European  stations,  so  far  as  I  am  able  to  secure, 
show  that  the  plants  operating  with  battery  auxiliary  are  deliver- 
ing a  K.  w.  hour  to  the  consumer  at  a  somewhat  lower  rate  than 
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those  operating  witliout  batteries,  when  the  conditions  are  sim- 
ilar. 

The  chief  difficulties  which  have  prevented  the  introduction 
of  batteries  on  a  large  scale  in  this  country  in  the  past  liave  been 
as  follows : 

1.  The  danger  of  suits  for  infringement  wich  were  liable  to 
follow  in  case  a  purchaser  attempted  to  use  batteries. 

2.  The  desire  on  the  part  of  the  manufacturer  to  furnish  a 
battery  for  as  low  a  cost  as  possible,  and  in  many  cases  installing 
them  of  too  small  size  to  do  the  work  required,  the  result  being 
rapid  deterioration  and  subsequent  disastrous  results  to  the  bat- 
tery business. 

3.  The  lack  of  knowledge  on  the  part  of  the  operators  or  at- 
tendants in  charge  of  the  batteries. 

A  battery  plant  properly  built,  with  sufficient  lead  to  do  the 
work  required  of  it,  and  properly  handled,  will  prove  an  econom- 
ical investment  where  the  conditions  are  favorable ;  but  it  should 
be  borne  in  mind  that  a  battery,  like  every  other  power-saving 
device,  cannot  effect  a  saving,  unless  the  load  is  such  as  to 
warrant  its  use,  which  is  especially  the  case  on  variable  electric 
loads. 

Those  having  charge  of  plants  using  batteries  should  bear  in 
mind  that  batteries  absorb  and  give  out  energy  by  virtue  of  a 
chemical  action,  and  that  anything  which  in  any  way  prevents 
the  proper  harmonizing  of  the  chemical  elements  entering  into 
the  batteries,  begins  to  cause  deterioration  immediately.  Conse- 
quently early  attention  must  be  given  to  defects,  or  serious  results 
will  follow.  In  other  words,  a  battery  plant  is  like  any  piece  of 
mechanism  or  other  device  which  requires  some  knowledge  on 
the  part  of  the  operator  to  keep  it  in  good  condition,  and  as  be- 
fore stated,  a  large  part  of  the  battery  failures  in  this  country 
have  been  caused  by  the  attendants  not  thoroughly  understanding 
the  device  they  were  attempting  to  handle,  and  thus  allowing 
destructive  chemical  action  to  continue  until  the  batteries  were 
practically  destroyed,  when  attention  at  the  right  time  would 
nave  prevented  it. 

The  system  which  I  have  adopted  for  all  plants  installed  under 
my  direction  is  as  follows : — Firsts  I  insist  upon  a  recording  am- 
meter being  placed  upon  each  plant,  and  daily  charts  from  each 
plant  mailed  to  my  office.  In  this  manner  I  am  able  to  tell  im- 
mediately whether  or  not  the  cells  of  any  particular  plant  are 
being  overcharged,  overdischarged,  or  gradually  discharged  more 
than  they  are  charged,until  the  surplus  of  the  cells  is  exhausted^ 
which  is  one  of  the  chief  sources  of  disaster  in  batteries.  Secondy 
each  week  the  plant  is  examined  by  an  expert,  and  the  specific 
gravity  of  the  electrolyte  of  each  cell  and  the  voltage  of  each  cell 
examined  and  placed  upon  a  report  and  handed  in.  From  this 
we  are  able  to  tell  whether  or  not  the  cell  is  short-circuited,  or 
the  electrolyte  too  heavy  or  too  light  for  economical  working,  and 
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if  defects  are  noted,  the  operator  of  the  plant  is  notified  immedi- 
ately to  remedy  the  defect,  and  if  he  is  not  capable  of  doing  this, 
an  expert  is  sent  to  do  it.  By  this  system  of  inspection  it  is  hoped 
that  a  sufficient  number  of  plant  operators  will  become  skilled 
enough  to  properly  haudle  a  battery  installation,  and  after  that 
time,  1  think,  we  will  have  fewer  storage  battery  failures. 

Mr.  MacFaddkn  : — I  would  like  to  ask  Mr.  Arnold  whether 
or  not  those  tests  on  steam  engines  and  on  gas  engines,  were 
made  on  brake  tests  or  indicated  horse-power.  I  have  found 
that  in  some  gas  engine  plants  with  which  I  have  had  to  do^ 
that  the  gas  used  per  indicated  horse-power  varied  but  little  with 
different  loads.  It  will  be  found  that  the  gas  used  per  indicated 
horse-power  will  run  very  nearly  the  same  whether  the  engine  is 
running  under  load  or  over  load ;  also,  that  on  some  tests  of  a 
200  H.  p.  engine,  when  on  half  load  and  under,  we  can  get  prac- 
tically the  same  results  for  indicated  horse-power,  where  consump- 
tion of  gas  is  concerned,  as  we  can  for  full  loads.  Also  that  the 
highest  efficiency  for  this  particular  engine  is  not  at  the  point  of 
maximum  possible  load.  I  mean  that  the  highest  efficiency  of 
that  engine  is  not  reached  when  the  engine  is  doing  its  maximum 
work.  I  can  take  an  engine  that  is  designed  to  run  55  brake 
horse-power,  load  it  up  to  70  brake  horse-power,  and  the  engine 
will  carry  it.  The  highest  efficiency  is  not  obtained  with  the 
highest  possible  initial  pressure  that  can  be  obtained.  I  think  that 
this  is  somewhat  different  from  the  usually  accepted  views  with 
regard  to  the  gas  engine,  and  I  have  the  data  which  I  will  distri- 
bute to  those  who  wish  to  investigate  the  matter.  It  would  be 
especially  interesting  in  this  case,  provided  the  tests  were  taken 
as  indicated  horse-power  instead  of  brake  horse-power.  The 
amount  of  gas  and  fuel  for  indicated  horse-power,  I  think,  will 
be  found  to  be  somewhat  diffei*ent  from  brake  horse-power.  Mr. 
Perrv  gives  the  data  of  a  test  on  horse-power  development.  I 
should  imagine  that  this  means  in  the  cylinder,  in  the  absence  of 
anything  stated  to  the  contrary,  the  gas  consumption  being  too 
low  for  brake  horse-power. 

Me.  Arnold  : — 1  would  sav  that  I  have  examined  the  engines 
yon  have  referred  to,  and  find  them  to  be  double  cylinder  engines 
which  explode  once  at  each  cylinder,  or  twice  at  each  complete 
revolution  of  the  shaft,  and  it  is  undoubtedly  true  that  such  an 
engine  can  stand  a  heavy  overload  better  than  many  types  of  gas 
engines. 

rROF.  Carhart  : — I  regret  that  I  cannot  give  you  any  informa- 
tion on  the  commercial  side,  but  I  have  been  very  much  inter- 
ested listening  to  the  discussion  here  this  evening.  I  have  had 
a  little  experience,  however,  with  storage  batteries.  Three  years 
ago  I  had  the  pleasure  of  visiting,  in  company  with  several  other 
gentlemen,  the  central  stations  of  London,  through  the  kindness 
of  Professor  Silvan  us  Thompson.  We  visited  all,  or  nearly  all, 
of  them,  and,  as  you  know,  the  storage  battery  is  an  important 
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factor  in  all  these  stations.  One  thing  that  impressed  me  very 
much,  in  comparison  with  what  I  had  been  accustomed  to  see  in 
connection  with  storage  batteries  in  America,  was  the  fact  that 
they  construct  their  storage  batteries  there  for  durability.  The 
cells  were  of  enormous  size  and  capacity.  They  were  extremely 
heavy,  and  intended  for  actual  use.  They  were  not  made,  appar- 
ently by  the  manufacturers,  to  make  money  out  of,  by  seUinff 
cheap  metal  at  a  high  price,  but  they  were  made  for  service  and 
durability.  In  connection  with  that,  it  occurred  to  me  that 
there  must  be  quite  an  addition  to  the  cost  of  the  plant  besides 
that  of  the  battery  installation,  namely,  provision  for  its  storage. 
The  building  costs  as  much  wliere  the  storage  battery  is  used,  as 
it  does  whore  it  is  not  used,  because  of  the  very  large  area  re- 
quired for  the  placing  of  the  batteries.  There  are  a  good  many 
appliances,  too,  as  you  know,  in  connection  with  a  storage  bat- 
tery plant  in  addition  to  the  cells  themselves.  The  arrangements 
for  throwing  cells  in  and  out,  according  to  the  requirements  of 
the  plant,  are  very  elaborate  and  costly.  They  are  put  up  in  an 
attractive  and  substantial  manner.  They  are  not  placed  in  cellars, 
nor  yet  in  attics,  but  in  very  substantial  buildings.  They  are 
running  their  engines  there  at  the  point  of  highest  efficiency,  be- 
cause the  number  of  engines  changes  with  the  load.  As  the 
load  comes  on,  additional  engines  are  started  up.  And  yet  they 
find  it  economical  to  use  the  storage  battery  in  connection  with 
their  plants. 

Another  item  ought  to  go  into  Mr.  Abbott's  estimate,  and  that 
is,  the  cost  of  the  acid  required  to  set  up  the  cells.  The  cost  of 
acid  amounts  to  considerable,  for  the  acid  ought  to  be  of  the 
purest  quality.  I  have  had  a  little  experience  with  two  types  of 
battery.  I  think  the  Pollak  battery  is  a  thoroughly  good  one, 
but  it  certainly  depreciates  quite  rapidly.  In  the  one  that  I 
have,  some  of  the  cells  have  had  to  be  taken  out  and  repaired. 
The  people  in  charge  of  these  stations  in  London,  which  use 
storage  batteries,  watch  them  very  carefully,  and  when  anything 
is  the  matter  with  them,  they  put  them  in  the  hospital.  Stora^ 
cells  remind  me  of  an  invalid,  requiring  great  care  and  watch- 
fulness. They  must  be  taken  care  of  and  watched,  when  they 
are  not  giving  their  highest  efficiency.  They  require  consider- 
able labor,  and  this  item  ought  to  be  added  to  the  account.  It 
requires  the  labor  of  one  or  two  experts  continually,  to  look  after 
these  cells.  I  think  the  last  battery  that  I  have  tried,  gave  out 
toward  the  close  of  last  year  from  the  fact  that  it  stocnl  a  long 
time  without  being  used.  I  inquired  of  Mr.  Pollak  regarding 
this,  and  he  assured  me  that  it  could  be  left  standing.  Mine, 
consisting  of  36  cells,  did  stand  without  losing  more  than  two 
volts  in  three  months.  The  voltage  scarcely  cropped  at  all.  I 
measured  carefully  to  assure  myself  that  it  kept  its  voltage  dur- 
ing that  period.  But  there  was  sulphating  unoer  the  active  ma- 
terial, and  when  we  came  to  use  it,  it  would  swell  in  spots.    Mr. 
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Pollak  insisted  npon  it  that  some  forei^  material  must  have 
gotten  into  the  cells  which  caused  them  to  give  out.  But  I 
think  it  came  from  the  fact  that  the  cells  were  not  kept  in  con- 
stant use.  I  found  that  it  don't  do  to  let  them  stand.  It  is  like 
the  human  body  in  this  respect,  the  cell  needs  exercise  to  keep 
it  in  good  condition. 

I  have  come  across  one  or  two  points  of  scientific  interest.  It 
is  certain  that  the  internal  resistance  of  a  storage  battery  changes 
considerably  with  the  length  of  time  that  it  is  discharged.  As 
it  is  discharged,  we  have  a  sulphate  formed,  which  has  a  higher 
resistance  than  the  active  material.  This  internal  resistance  will 
change  in  the  course  of  charging  for  half-an-hour.  Then  there 
is  another  point.  You  all  know  that  the  internal  resistance  of 
any  priuiarv  battery  decreases  as  the  currlent  increases.  We 
have  been  able  to  get  very  nice  smooth  curves.  With  a  storage 
cell  the  change  is  small  and  is  quite  difiicult  to  measure,  but 
measurement  shows  that  the  internal  resistance  is  lower  when 
the  current  which  we  are  taking  from  the  battery  is  larger. 

Mb.  Abnold  : — When  you  start  charging  a  battery,  you  can 
force  current  into  it  for  a  while  with  a  lower  voltage  than  you 
can  when  the  battery  becomes  partially  charged.  Is  not  part  of 
this  attributable  to  the  lower  internal  resistance  of  the  natterpr 
when  not  fully  charged  ?  As  the  cells  become  charged,  it  is 
necessary  to  increase  the  voltjige  of  the  charging  current  in  order 
to  keep  the  charging  current  constant.  This  must  be  due  to  the 
increfised  internal  resistance  of  the  battery.  It  is  well  known 
that  the  resistance  of  a  mixture  of  sulphuric  acid  and  water  is 
least,  having  a  specific  gravity  of  about  1.123  at  ordinary  tem- 
peratures, and,  as  the  specific  gravity  varies  either  way  from  this, 
the  resistance  increases. 

Pbof.  Cabhakt  :— The  internal  resistance  falls  as  you  charge, 
because  the  sulphate  is  reduced,  and  for  that  reason  it  ou^t 
to  take  less  voltage  to  force  the  current  through.  The  bat- 
tery does  not  have  as  high  efficiency  when  it  is  discharged 
with  a  large  current  as  when  it  is  discharged  with  a  smaller  cur- 
rent, but  tne  smaller  internal  resistance  is  a  slight  offset. 

Mb.  Dommebque  : — I  remember  that  the  company  which  manu- 
factured the  accumulators  for  Hanover,  Germany,  has  made  a 
contract  with  the  city  to  keep  them  in  perfect  running  order  at 
four  per  cent,  of  the  first  cost  for  ten  years,  and  that  this  com- 
pany makes  money  at  that,  which  I  conclude  from  the  fact  that 
when  I  was  there  in  1887,  they  ran  their  factory  by  a  small 
locomobile,  while  to-day  they  have  immense  factories  at  Hagen, 
Berlin  and  Vienna.  In  most  stations  the  accumulators  have  a 
space  about  one-half  to  one  metre  square  for  each  cell.  On  the 
Continent  I  found  that  they  do  not  give  accumulators  a  very 
good  place,  but  put  them  in  basements,  or  somewhere  where  the 
ground  does  not  cost  so  much.  I  think  this  is  cheaper  than  to 
provide  space  for  engines  or  dynamos  instead,  because  the  latter 
must  have  a  good  foundation. 
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Prof.  W.  M.  Stine  : — It  seems  singularly  appropriate  to  en- 
ter a  plea  for  the  proper  consideration  of  the  storage  battery  itself 
in  connection  with  its  engineering  applicability  for  lighting  and 
power  uses.  It  is  35  years  since  Graston  Plants  (1860)  made  the 
first  experiments  from  which  the  storage  batteries  of  the  present 
have  been  developed.  The  field  has  been  a  prolific  one  for  in- 
vestigation and  invention  The  storage  battery  is  thus  older 
than  dynamo-electric  machinery  by  about  seven  years.  Suffici- 
ent time  has  certainly  elapsed  for  the  practical  development  of 
this  class  of  apparatus.  Yet  after  35  years  we  are  still  telling 
each  other  how  excellent  a  thing  the  storage  battery  would  prove, 
were  it  only  more  generally  used,  and  stillin  the  dark  for  reliable 
data  on  which  to  base  our  conclusions. 

There  is  good  reason  for  the  lack  of  data  for  the  life  and  use- 
fulness of  storage  batteries.  Through  all  the  years  they  have 
been  with  us,  they  have  existed  in  tentative  form,  and  their 
history  is  a  failure  of  one  form,  leading  to  fresh  experiments  on 
others.  That  they  have  recently  been  the  subject  of  large  spec- 
ulation by  some  of  our  leading  financiers  is  by  no  means  a  con- 
vincing argument  in  their  favor.  This  is  neither  the  first  nor 
the  greatest  financial  combination  of  its  kind,  and  should  it  not 
prove  successful,  it  is  only  adding  one  more  to  a  long  list  of  dis- 
astrous failures. 

The  engineering  view  of  our  subject  has  been  frequently  and 
pretty  exnaustiveiy  presented,  but  too  often  by  those  who  have 
nad  no  practical  experience  with  batteries,  and  whose  estimates 
of  first  cost,  maintenance  and  depreciation  are  far  below  the 
actual  figures. 

A  commercially  practical  storage  battery  would  be  one  of  the 
greatest  boons  to  electrical  engineers.  This  is  undeniable.  It 
does  not  require  any  especial  foresight  to  realize  the  great  advan- 
tages accruing  from  their  use.  The  problem  of  when  and  how 
far  to  employ  them,  is  not  more  difticult  of  solution  than  the  most 
advantageous  amounts  and  distribution  of  copper  in  distributing 
circuits.  It  requires  that  a  sufficient  number  of  load  curves  be 
taken  to  get  a  reliable  average  curve.  It  then  remains  to  deter- 
mine the  size  of  generating  plant  to  handle  the  average  load,  and 
the  addition  to  this  to  handle  the  peaks  in  the  load,  allowing 
sufficient  reserve  to  handle  the  maximum  peak  likely  to  occur. 
The  equivalent  in  batteries  of  this  reserve  portion  of  the  plant 
can  then  be  calculated.  The  total  operating  expense  in  each 
case  would  present  no  especial  difficulty,  were  data  at  hand, 
which  would  reliably  state  the  depreciation,  maintenance  and 
labor  involved  by  the  use  of  storage  batteries.  Additional  ele- 
ments would  be  the  enhanced  efficiency  of  the  generating  plant 
when  run  with  a  nearly  constant  load  of  the  service  and  battery 
combined,  and  the  power  factor  of  the  batteries,  or  their  effici- 
ency from  the  generator  to  the  consumer.  With  such  data  as 
outlined,  the  question  of  the  commercial  applicability  of  the 
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storage  battery  would  be  a  very  simple  one.  All  that  would  be 
necessary  would  be  to  balance  accounts  between  the  two  classes 
of  reserve  plants.  On  the  one  side  would  be  the  first  cost  of 
generators,  engines,  boilers  and  accessories,  labor,  maintenance, 
operating  expenses  and  depreciation.  On  the  other,  the  first 
cost  of  tne  reserve  equivalent  in  batteries,  their  maintenance,  de- 
preciation, operating  expenses,  labor,  and  the  large  number  of 
accessories.  Here  conscientious  calculation  would  leave  but 
little  room  for  discussion,  except  on  methods  and  details  of  in- 
stallation. If  the  problem  has  been  fairly  stated,  then  why  does 
the  present  hesitation  to  install  batteries  exist?  There  is  no 
doubt  that  storage  batteries  would  prove  desirable  adjuncts  to 
many  power  and  lighting  stations,  ana  would  be  generally  intro- 
duced, could  any  reliance  be  placed  upon  such  low  depreciation 
as  7i  per  cent.,  as  has  been  recently  stated. 

But  American  engineers  are  justly  conservative  on  this  latter 
point.  In  too  many  cases  the  aepreciation  has  reached  100  per 
<;ent.,  or  the  batteries  have  been  abandoned  in  a  short  time. 

It  is  undeniable  that  a  strong  sentiment  exists  in  this  country 
against  the  storage  battery.  Most  of  the  data  obtainable  is 
against  it.  Under  such  circumstances  it  would  be  wise  to  make 
haste  slowly,  and  let  the  burden  of  the  introduction  of  batteries 
rest  on  the  company  manufacturing  them. 

The  argument  that  the  engineering  world  wants,  is  not  engi- 
neering calculations  showing  a  paper  economy,  but  it  wants  to 
be  granted  the  demonstration  of  plates  that  have  stood  at  least 
from  1,50U  to  2,000  daily  reversals  on  continuous  service.  A 
battery  of  which  at  least  90  per  cent,  of  its  plates  could  make 
such  a  showing  would  be  not  a  mere  curiosity,  but  a  most  con- 
vincing argument. 

The  general  trend  of  practice  is  to  employ  a  greater  weight  of 
lead  per  ampere-hour  capacity.  Those  who  have  had  mucn  ex- 
perience witn  storage  batteries  know  that  plates  fail  from  at  least 
three  causes :  {a)  the  loss  of  active  and  irreversible  material  fall- 
ing to  the  bottom  of  the  cell ;  {b)  rupture  of  plates  due  to 
mechanical  strains ;  {c)  disintegration,  or  crumbling  of  the  sup- 
porting structure  of  plates. 

Heavier  plates,  then,  will  remedy  the  second  and  third  faults 
to  a  limited  extent,  but  be  without  influence  on  the  first.  The 
heavier  plates  suffer  the  same  actual  loss  in  pound  weight  of 
active  material  as  lighter  ones,  but  can  support  the  loss  for  a 
greater  length  of  time.  But  the  proportionate  life  of  a  heavy 
plate,  owing  to  physical  disintegration,  may  in  reality  be  less 
than  the  lighter  one.  The  interest  on  the  first  cost  of  the  extra 
lead  which  is  used  to  ward  oflf  the  day  of  final  destruction,  is  a 
direct  loss,  unless  the  proportionate  life  of  the  heavy  plate  greatly 
exceeds  that  of  the  lighter  one.  The  use  of  more  lead  in  plates, 
by  no  means  diminishes  the  wear  on  batteries. 

It  has  been  so  often  proven  that  the  use  of  reliable  storage 
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batteries  is  excellent  en^neering  practice,  that  the  argaraents 
have  become  mere  platitudes,  ^ut  where  shall  we  obtain  the 
reliable  batteiy  ?  Certainly  it  is  yet  to  be  proven  that  it  is  made 
in  America.  Can  we  point  to  any  make  of  battery  that  has  stood 
up  under  at  last  five  years  of  ordinary  commercial  service  ?  The 
records  of  the  Patent  Office  show  that  the  storage  battery  has 
received  its  full  share  of  attention  from  inventors,  and  yet  we 
hear  the  common  report  from  the  different  styles  of  plates  that 
they  have  gone  to  pieces  under  short  service.  Litigation  is 
claimed  to  1^  responsible  for  the  non-use  of  storage  batteries  in 
this  country.  Yet  we  all  know  better  than  this.  If  a  perfectly 
reliable  battery  had  existed,  it  would  have  come  to  the  surfaces 
in  spite  of  all  lawsuits.  The  very  fact  that  manufacturers  are 
constantly  changing  the  form  of  plates,  etc.,  is  sufficient  argu- 
ment to  show  that  plates  will  not  stand  up  under  service.  Great 
stress  is  laid  on  the  extensive  use  of  the  storage  battery  in  Eng- 
land, Germany  and  Switzerland.  But  here  the  plants  are  too 
modern  to  prove  their  ultimate  economy.  One  of  the  oldest  and 
best  known  of  English  plates  is  rumored  to  be  proving  a  failure, 
for  the  very  reason  that  this  plate  has  been  in  use  long  enough 
to  demonstrate  that  it  does  not  possess  sufficient  life. 

European  practice  offers  a  counter  argument.  The  fact  that 
batteries  are  used  there  so  extensively,  shows  that  they  must  prove 
at  least  a  partial  success.  Let  American  engineers,  then,  profit 
by  European  experience.  Let  us  go  to  them  for  our  information- 
But  how  shall  this  be  obtained  ?  The  suggestion  is  offered  that 
our  technical  papers  procure  from  European  central  stations 
using  storage  batteries  reliable  statements  which  shall,  without 
fear  or  favor,  state  fully  all  facts  in  regard  to  their  installation. 
Such  data  should  note  the  style  of  battery  in  use,  its  ampere-hour 
weight,  the  purity  and  specific  gravity  of  the  electrolyte,  the 
methods  pursued  in  operating  and  caring  for  batteries,  first  cost 
of  batteries  and  accessories,  their  actual  power  factor,  the  outlay 
for  repairs  and  renewals,  the  length  of  time  the  battery  has  been 
in  actual  service,  and  the  life  of  plates  so  far  as  used. 

Another  question  remains  to  be  decided.  Can  batteries  be 
profitably  sold  outi-ight  ?  In  very  many  cases  the  manufacturer 
lias  maintained  a  fostering  care  over  plates  installed,  and  the  life 
shown  has  in  a  measure  been  due  to  frequent  patching  up  of 
plates. 

Among  points  not  sufficiently  emphasized  by  many  writers,  is 
the  great  outlay  for  the  numerous  expensive  accessories  demanded 
by  a  first-class  installation  ;  the  constant  attention  and  treating 
which  they  demand,  and  the  disagreeable  nature  of  repairs  due 
to  handling  sulphuric  acid. 

A  notable  article  appears  in  the  Elektrotechnische  ZeUachrift 
for  October  17,  1895.  It  fully  states  just  such  data  as  we  desire, 
for  an  installation  of  120  cells  of  Tudor  battery  made  in  Hagen. 
Westphalia.     The  cells  were  52  ampere-hours  capacity ;  normal 
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discharge  rate  of  10  amperes,  and  charging  current  of  eight  am- 
peres. The  battery  was  installed  in  1890,  and  has  been  in  con- 
stant use.  With  the  exception  of  renewal  of  electrolyte  in  one 
cell,  no  repairs  or  renewals  were  necessary.  The  installation  was 
for  the  Head  Bureau  of  Telegraphs  in  Berlin,  and  used  on  its 
service  wires.  The  discharging  current  never  exceeded  0.26 
amperes.  The  cells  were  charged  each  10th — 11th  day.  On 
analysis  of  the  record,  owing  to  the  small  discharge  current,  we 
can  draw  no  conclusions  as  to  what  would  have  been  the  life  of 
the  plates  under  conditions  of  normal  discharge,  say  5  to  10  am- 
peres. These  batteries  in  all  have  been  reversed  not  to  exceed 
200  times,  this  being  ea  uivalent  to  not  more  than  one  yearns  active 
service,  such  as  wonla  have  been  required  of  thena  in  lighting 
and  power  plants.  An  increase  in  capacity  is  noted,  a  condition 
whicn  is  to  be  expected  under  such  service. 

It  is  to  be  hoped  that  this  timely  article  will  be  followed  by 
many  others  equally  reliable. 

Ais,  Arnold  : — In  referring  to  the  maintenance,  it  seems  to 
me  that  the  best  evidence  that  could  be  relied  upon  is  the  guar- 
antees which  are  made  by  the  companies  that  are  backing  these 
battery  installations  with  their  money.  They  are  not  going  to 
guarantee  something  which  they  do  not  believe  they  can  depend 
npon,  and  I  do  not  see  any  reason  for  doubting  their  ability  to  do 
this,  when  they  are  willing  to  make  contracts  which  make  them 
liable  if  they  are  not  able  to  fulfil  their  promises.  1  believe  bat- 
teries can  be  maintained  at  a  profit  for  seven  and  one-half  per  cent, 
of  their  first  cost  per  annum  when  working  within  their  limits. 

Up  to  the  present  I  have  not  been  in  favor  of  batteries  being 
put  upon  street  cars,  but  figures  which  have  recently  been  shown 
me  from  the  records  of  a  road  operating  25  cars  in  Paris,  in 
which  the  maintenance  of  batteries  is  given  at  -j^^  of  a  cent,  per 
car  mile,  covering  a  period  of  over  two  years  of  operation,  causes 
me  to  look  upon  fliis  question  more  favorably,  and  if  on  investi- 
«tion  this  record  proves  to  be  correct,  many  of  us  may  have  to 
diange  our  minds  regarding  storage  battery  cars.  One  thing  is 
certain,  that  the  first  cost  of  a  road  is  less  with  storage  battery 
equipment  than  it  is  with  trollev  equipment,  for  the  reason  that 
the  power  station  investment  is  less,  ana  there  is  no  expense  for  the 
overhead  or  feeder  system.  A  set  of  cells  in  this  city  which  have 
been  used  over  two  years  now,  none  of  which  has  been  returned 
to  the  factory  for  repairs,  are  reported  to  me  to  be  in  as  good 
condition  as  they  were  the  day  thejr  were  started.  These  are 
operated  on  a  fluctuating  load,  but  evidently  have  not  been  over- 
worked. I  attribute  a  large  portion  of  the  durability  of  this  par- 
ticular plant  to  the  excellent  quality  of  lead  used  in  the  construc- 
tion of  the  cells.  This,  together  with  the  use  of  chemically  pure 
acid,  and  the  careful  attention  which  has  been  given  oy  the 
operator  who  is  an  expert  on  battery  work,  has  shown  an  excel- 
lent result,  confirming  more  than  ever  my  belief  that  the  thing 
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W6  need  most  in  this  country  at  present  is  a  class  of  trained  men, 
eapable  of  handling  batteries  properly,  rather  than  radical  im- 
provements in  the  batteries  themselves. 

Mb.  Fbldman  : — In  the  Electrician  (August  30)  are  given  the 
latest  results  of  using  storage  batteries  by  tne  Birmingham,  Eng- 
land, Central  Tramway  Company  to  work  tbe  cars.  The  fignrea 
presented  by  the  chairman  of  the  company  showed  that  while 
the  mileage  had  remained  stationary,  the  receipts  had  decreased 
fiix  per  cent.,  and  the  expenses  increased  27  per  cent.,  the  total 
cost  per  car  mile  having  grown  from  14}d.  to  nearly  IS^d.  The 
exact  figures  of  the  four  different  svstems  supplied  by  the  com* 
pany  per  car  mile  are  as  follows :  Cable,  5.43d. ;  horse,  8.67d. ; 
ateam,  9. 1  Id. ;  storage  batteries,  18.43d. ;  while  last  year  a  profit 
of  over  £1,200  had  oeen  earned  by  the  accumulator  cars.  Thia 
year  the  chairman  reported  a  loss  of  £1,735. 

Mr.  Dommerque  : — I  had  the  good  fortune  to  meet  Mr.  Tudor 
in  1887,  and  he  himself  told  me  that  he  had  had  accumulators  in 
service  for  seven  years,  which  he  charged  regularly.  He  saysi 
that  figuring  on  this  basis,  he  could  guarantee  for  10  years,  and 
that  the  repair  bill  would  not  amount  to  more  than  10  per  cent, 
of  the  first  cost. 

[Adjourned.] 

Discussion  in  San  Francisco. 

A  meeting  of  the  California  members  to  discuss  the  topic  of 
"  Storage  Battery  Applications  "  was  an  after-dinner  feature,  at 
Frank's  rotisserie  in  San  Francisco,  on  the  evening  of  November 
30th,  Vice-President  W.  F.  C.  Hasson,  in  the  Chair.  Mr.  E.  J. 
Molera  opened  the  discussion  giving  a  review  of  the  early  history 
of  the  storage  battery,  and  an  interesting  account  of  his  own  ex- 
periments. He  also  exhibited  the  first  J?lant^  cell  imported  into 
the  countrv. 

Dr.  F.  A.  C.  Perrine,  Local  Secretary,  then  read  extracts  from 
the  communications  presented  by  Mr,  Cnilds  and  others  at  tlie 
New  York  meeting,  after  which  he  gave  the  following  contri- 
bution to  the  discussion : 

"  The  importance  of  the  auxiliary  use  of  storage  batteries  in 
comparatively  small  pknts  operating  electric  lights  and  electric 
railroad  systems  has  not  been  widely  discussed,  although  the 
principles  involved  have  been  indicated  in  all  papers  by  the  ad- 
vocates of  the  batteries.  In  order  to  make  a  comparison  of  an 
auxiliary  storage  battery  for  a  small  electric  lia^ht  plant  and  a 
similar  electric  railroad  plant,  I  have  obtained  the  enclosed  load 
curves  derived  respectively  from  the  San  Jose,  CaL,  street  rail- 
road and  electric  light  systems.  The  curve  of  the  lighting  plant 
(Fig.  4^,  while  showing  a  great  variation  between  the  maximum 
ana  mmimum  load,  indicates  at  the  same  time  that  there  is  no 
well  defined  peak  in  the  lighting  curye  of  such  a  system,  and 
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STORAGE  BATTERY  APPLICATIONS. 


[Nov.  80, 


particularly  on  account  of  the  relatively  small  importance  of  in- 
candescent lighting  in  residences  when  compared  with  the  incan- 
descent and  arc  lights  sold  by  contract,  we  see  that  the  only  value 
an  auxiliary  battery  plant  would  have  in  any  such  station  liea 


8.         8X6       8J0       3l6       5:20       525       33)       ^M        ZM       8^5"  8.50 

Pio.  6.— First  Street  car  curve.  Five  cars.  Showing  changes  in  current 
along  one  line  as  the  five  cars  are  operating  in  the  time  of  one  trip.  The  drop- 
along  this  line  varies  with  the  current  curve. 

in  its  ability  to  carry  the  load  between  the  period  of  extinguish- 
ing the  city  lights  at  night,  and  the  time  they  are  again  turned 
on  the  foliowmg  evening.  In  the  particular  plant  under  con- 
sideration, a  test  has  shown  that  the  amount  of  coke  used  per 
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indicated  horse-power  hour  during  the  main  period  of  illumina- 
tion (from  6  p.  M.  to  12  p.  m.)  is  10.8  pounds,  in  spite  of  the  inci- 
dental variations  and  the  low  peak ;  while  if  we  turn  to  the 
electric  railroad  curve  (Fig.  6),  we  see  not  only  an  average  peak, 
which  is  as  clearly  defined  as  that  belonging  to  the  lighting  plant, 
but  also  that  a  variable  loss  occurs  along  the  line.  This  loss 
amounts  in  the  present  case  to  a  maximum  of  15  per  cent.  Un- 
der such  circumstances  not  only  would  the  generating  machinery 
be  operated  at  a  better  maximum  efficiency  were  storage  batteries 
installed,  but  also  by  locating  them  along  the  Une  and  not  simply 
at  the  generating  station,  the  great  loss  we  speak  of  would  be 
overcome  without  the  use  of  additional  feeders,  and  the  cars 
could  be  run  on  a  better  time  schedule  and  with  greater  satisfac- 
tion to  the  traveling  public.  At  the  present  time  the  cost  of 
the  storage  battery  and  its  probable  short  life  hinders  extensive 
introduction  into  such  plants.  The  average  price  at  which 
storage  batteries  are  furnished  at  the  present  time  amounts  to  as 
much  as  75  cents  per  pound  of  grid,  which  certainly  seems  ex- 
cessive- for  such  apparatus ;  and,  while  noting  this  high  price, 
there  seems  to  be  no  reason  why  battery  makers  should  not  in- 
crease the  weight  of  lead  in  the  battery  grid,  especially  when  we 
consider  the  fact  that  in  such  an  increase  of  weight  lies  the  secret 
of  low  maintenance  cost  for  storage  batteries.  German  manu- 
facturers have  realized  the  importance  of  this  increase  of  weight 
and  its  small  addition  to  the  manufacturing  cost,  on  account  of 
the  fact  that  they  are  required  to  guarantee  the  life  of  the  cells, 
and  it  is  to  be  hoped  that  the  recent  introduction  of  European 
batteries  into  this  country  will  have  a  tendency  toward  heavy 
battery  plates,  with  a  consequent  increase  in  life,  and  diminution 
of  troubles  due  to  buckling  and  short-circuiting.  When  these 
difficulties  are  completely  overcome,  as  is  now  easily  possible, 
the  great  first  cost  of  the  batteries  will  undoubtedly  not  militate 
so  largely  against  their  installation  as  it  does  at  the  present 
time." 
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Name. 

Banceoft,  Chas.  p. 


Address.  Ead<Miied  by. 

Ele'^trical  Engineer,  Lowell  and  C.  P.  Stein roetz. 

Suburban    Street     Railway  ;  Wra.  O  Ely.  Jr. 

residence.  00  Fort  Hill  Ave..  Ernst  Berg. 
Lowell,  Mass. 


Hbbdman,  Frank  E. 
Lamb,  Richard. 

Lb  Pontois.  Lbon. 
LuDLAM,  Harry  W. 
McMben.  Samubl  G. 
SciDMORB,  Frank  Ij. 
Stonb,  Joseph  P. 

Storbr,  Norman  W. 


Mechanical  and  Electrical  Engi- 
neer, Crane  Elevator  Co.,  Win- 
netka,  111. 

Chief  Engineer,  The  Trenton 
Iron  Co.,  No.  1  Broadway; 
residence,  72  West  69th  St., 
New  York  City. 

Electrical  Engineer,  The  West- 
inghouse  Elec.  and  Mfg.  Co., 
Pittsburg,  Pa. 

With  Western  Electric  Co.; 
residence,  480  Lexington  Ave., 
New  York  City. 

Assistant  Engineer,  Central  Un- 
ion Telephone  Co.,  1806  Ash- 
land Block,  Chicago. 

With  Western  Electric  Co. ;  resi- 
dence, 480  Lexington  Ave., 
New  York  City. 

Electrical  Engineer,  General 
Electric  Co.;  residence.  218 
Liberty  Street,   Schenectiuly, 

N.  Y. 

Electrical  Enpneer,  Westing- 
house  Electrical  and  Mfg.  Co., 
Pittsburg ;  residence,  Wilkins- 
burg,  Pa. 

Thordarsson,  Chbstbr  H.  Chicago  Edison  Co  ;  resi- 
dence, 896  Davis  St..  Chi- 
cago, 111. 


Wtbro,  Harrison  C. 


Total,  11. 


Electrical    Engineer,  Wybro  & 
Lawrence.  Los  Angeles,  Cal. 


A.  V.  Abbott. 

B.  J.  Arnold. 
W.  M.  Stine. 

T.  C.  Martin. 
Jos.  Wetzler. 
N.  Tesla. 

Cbas.  F.  Scott. 
Henry  Floy. 
Alex.  J.  Wurts. 

Geo.  A.  Hamilton. 
M.  E.  Canfield. 
H.  F.  Albright. 

A.  V.  Abbott. 

A.  S.  Hibbard. 

B.  F.  Thomas. 

G.  A.  Hamilton. 
M.  E.  Canfleld. 
H.  F.  Albright. 

C.  P.  Steinmetx. 
H.  G.  Reist, 
Wm.  G.  Ely,  Jr. 

Chas.  F.  Scott. 
Alex.  J.  Wurt«. 
Henry  Floy. 

Chas.  A.  Pratt. 
B.  J.  Arnold. 
W.  M.  Stine. 

T.  C.  Martin. 
F.  A.  C.  Perrine. 
Leo  Daft. 
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Stephens,  Geobqb,  General  Superintendent,  Canadian  General  Electrie 

Co.,  Peterboro,  Ont. 

Whitb-Pbaseb,  George,  Electrical  Engineer,  Toronto,  Ont. 
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Vice-President   and    General    Manager,    Schuylkitt 
Valley  Illuminating  Co.,  Phcenixville,  Pa. 

Assistant  Engineer,   Railway  Department,  General 
Electric  Co.,  Schenectady,  N.  Y. 

Electrical  Engineer,  Philadelphia,  Pa. 

Tutor  in  Electrical  Engineering,  School  of  Mines, 
Columbia  College,  New  York  City. 

The  Riker  Electric  Motor  Co.,  Brooklyn.  N.  Y. 

Manager  and  Electrician,  Citizens'  Telephone  and 
Electric  Co.,  Rat  Portage,  Ont. 
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George  May  Phelps,  [Associate  Member^  April  15,  1884, 
Member  J  October  21,  1884,]  who  faithfully  served  the  Insti- 
tute as  Treasurer  from  his  first  election  to  that  important  of- 
fice, on  May  17,  1887,  died  of  pneumonia  at  his  residence  in 
Brooklyn,  N.  Y.,  on  April  1 1th,  1895,  after  an  illness  of  but  five 
day&. 

Mr.  Phelps  was  the  only  son  of  the  late  George  May  Phelps, 
Sr.,  and  was  bom  at  Troy,  N.  Y.,  in  1843.  He  was  educated  in 
the  public  schools  and  high  school  of  that  city.  Since  1861,  he 
had  been  continuously  engaged  in  electrical  interests,  excepting 
for  an  interval  of  five  years.  He  was  first  employed  in  ihe  shop 
of  the  American  Telegraph  Company,  of  which  his  father  was 
superintendent.  He  afterwards  served  the  Auditing  Depart- 
ment of  the  American  Telegraph  Company  from  1863  to  1866. 
From  1871  till  1879  he  was  assistant  to  his  father  in  the  manage- 
ment of  the  factory  of  the  Western  Union  Telegraph  Company 
in  New  York  City.  In  April,  1879,  the  Western  Union  Com- 
pany disposed  of  its  manufacturing  interest  to  the  Western  Elec- 
tric Company,  and  Mr.  Phelps  was  appointed  superintendent  of 
the  factory  by  the  latter  organization,  which  position  he  held 
until  December,  1885.  In  August,  1886,  he  joined  Mr.  Franklin 
Leonard  Pope  in  conducting  T/ie  Electrician  and  Electrical 
Engineer^  at  that  time  published  monthly,  acquiring  a  proprietary 
interest  in  that  journal  shortly  after.  The  title  of  the  journal 
was  subsequently  changed  to  The  Electrical  Enghuer^  and  be- 
ginning April  2d,  1890,  it  was  issued  weekly,  the  business  being 
incorporated  under  the  same  title,  with  Mr.  Phelps  as  President. 

Mr.  Phelps  was  a  charter  member  of  the  American  Institute 
OF  Electrical  Engineers,  and  was  elected  one  of  its  managers 
on  May  19th,  1885.  He  served  on  the  Council  in  this  capacity 
until  his  election  as  Treasurer,  on  May  17th,  1887,  to  which  office 
he  has  been  reelected  each  year,  and  which  he  held  at  the  time 
of  his  decease.     He  had  been  nominated  for  the  same  office  by 
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the  Council  for  the  term  beginning  May  14th,  1895.  He  had 
also  served  on  various  standing  and  special  committees,  and  has 
at  all  times  readily  given  his  time  and  services  to  the  interests  of 
the  society. 

Fbanz  Sohulze-Beroe,  l*h.  D.,  \^A8Sociate  Member^  February 
7th,  1890,  Member^  April  SUt,  189 J,]  was  Iwm  Jannary  2d,  1856, 
in  Ober-Cassel,  Germany.  After  graduating  from  the  Gymnasium 
at  Bonn,  he  studied  mathematics  and  physics  in  the  universities  of 
fleidell>erg  and  Strasburg,  and  then  worked,  principally  under 
the  guidance  of  Prof,  von  Helmholtz  in  Berlin.  In  1880  he  took 
the  degree  of  Ph.  D.  in  Berlin,  for  which  degree  Profs.  Kerchoff 
and  von  Helmholtz  were  his  principal  examiners.  Under  the 
guidance  of  Prof,  von  Helmholtz,  Dr.  Schulze-Berge  conducted, 
after  methods  of  his  own,  experimental  researches  concerning  the 
contact  potential  diflference  between  metdls  and  gases.  The  theme 
of  his  dissertation  was  of  especial  importance  scientifically,  since 
in  physical  investigations  this  potential  difference  is  nearly  always 
present  as  a  disturbing  element,  as  all  metals  are,  generally  speak- 
ing, in  contact  with  gases. 

His  investigations  involved  the  greatest  nicety  of  manipulation 
and  his  methods  evinced  great  originality.  It  was  for  his  thesis 
on  this  investigation  that  he  received  his  degree  of  Doctor  of 
Philosophy. 

Almost  simultaneously  with  his  work,  the  results  of  a  similar 
investigation  by  another  party  were  published,  which  disagreed 
with  those  obtained  by  Schulze-Berge.  The  latter  at  once  pre- 
pared another  paper  in  which  he  proved  the  correctness  of  his 
own  conclusions  and  the  error  of  those  reached  by  the  other  author. 

After  graduating,  in  1880,  he  passed  an  examination  for  Ober- 
Lehrer  and  occupied  this  position  at  the  Louisenstaedtisches 
Gymnasium  at  Berlin,  and  that  of  Gymnasial-Lehrer  at  the  Gym- 
nasium at  Charlottenburg. 

He  also,  during  this  period,  became  a  member  of  the  '  Berliner 
Physikalische  Gesellschaft,"  and  as  such  had  charge  of  the  official 
annual  reports  on  different  branches  of  electrical  science,  which 
were  published  in  the  Fortschritte  der  Physik,  edited  by  the 
society,  and  at  the  same  time  continued  electrical  work  in  the 
laboratory  of  Prof,  von  Helmholtz.  It  was  at  this  time  that  he 
was  a  co-worker  with  the  late  lamented  Heinrich  Hertz.  He 
next  turned  his  attention  to  the  investigation  of  the  electric  con- 
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dactivitj  of  80-called  non-conductors  in  very  thin  films  (of  i^r  of  ft 
millimeter  or  less).  The  results  of  these  investigations  and  others 
are  published  in  Weidman/rCs  AnncUen,  vols.  xii.  and  xv.  and  in 
the  Sitzungaberichte  der  Berlin  PhysikaliacJien  OeieUschafty 
1880. 

In  1887,  Dr.  Schnlze-Berge  came  to  this  country  and  became 
assistant  to  Mr.  Tbos.  A.  Edison.  Psrhafis  the  most  notable  of 
his  work  with  Edison  was  the  soli^^ion  of  the  problem  of  dupli- 
cating phonographic  records  which  was  intrusted  to  his  care» 
The  method  employed  of  producing  a  conducting  film  upon  the 
wax  cylinder  of  such  a  character  as  not  to  sensibly  obscure  or 
modify  the  finest  harmonics,  was  the  result  of  long  study  and 
experiment,  and  evinced  the  originality  of  the  man.  It  was  an 
entire  success. 

Leaving  the  employ  of  Mr.  Edison,  he  retired  to  Brooklyn^ 
where  for  th'j  past  year  or  two  of  his  life  he  was  engaged  in  hie 
own  private  laboratory  in  physical  investigations  of  various  kinds, 
the  results  of  some  of  which  will  doubtless  soon  l>e  published* 
One  of  the  results  of  his  recent  work  has  been  a  rotary  mercury 
vacuum  pump,  an  earlier  form  of  which  he  described  in  a  paper 
before  the  International  Klectrical  Congress  at  Chicago  in  1893. 
This  has  been  still  further  improved  upon,  and  adapted  to  the 
exhaustion  of  lamps,  but  the  new  form  has  not  yet  been  described* 

Dr.  Schulze-Ber^e  had  long  been  suffering  from  an  oiganic 
disease,  the  exact  nature  of  which  was  not  l^iown  until  after  his 
death.  He  died  suddenly  in  Brooklyn  on  March  21,  181)4,  of 
diffuse  nephritis,  in  the  3Dth  year  of  his  age. 

Personally  he  was  of  a  very  retiring  disposition  and  a  man  of 
such  extreme  modesty,  that  his  nature  recoiled  from  notoriety  of 
any  kind.  For  this  reason  he  was  less  widely  known  than  he 
was  entitled  to  be  through  his  natural  gifts  and  his  contributions 
to  science.  He  rarely  contributed  to  the  technical  press  except 
to  give  the  results  of  some  im[>ortant  investigation.  He  broke 
away  from  this  rule  which  he  had  made  for  himself,  however, 
shortly  before  his  death,  the  occasion  being  the  contribution  to- 
one  of  the  electrical  journals  of  a  biographical  sketch  of  his  friend 
Heinrich  Hertz.     This  was  his  last  appearance  in  print. 

Though  he  did  not  count  a  very  wide  circle  of  personal  friends, 
his  manner  was  so  kin  1,  so  gentle,  and  so  evidently  sincere,  that 
none  came  within  his  influence  but  to  love  him,  to  admire  him, 
to  respdct  him,  both  as  a  man  and  a  scientist. 
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Alexander  Henry  Bauer,  [Associate  Member^  FAruary  ^th^ 
1890,  Memher,  April  21^^,  1891,]  who  since  1882  had  been  act- 
irely  engaged  in  practical  secondary  battery  application  for  light 
and  power  purposes,  died  in  New  York  City,  January  15th,  1896, 
of  Bright's  disease.  lie  passed  away  quietly  and  suddenly,  while 
apparently  in  full  possession  of  his  reasoning  faculties.  Mr. 
Bauer,  who  w^  born  in  Baltimore,  August  9th,  1846,  had  spent 
his  working  life  in  electrical  pursuits,  due  possibly  to  hereditary 
traits,  his  father,  William  Henry  Bauer,  having  been  in  service 
on  the  original  Baltimore  and  Washington  line  of  Prof.  Morse,  and 
he  was  also  a  friend  and  admirer  of  Prof.  Henry.  ''Aleck,"  as  he 
was  familiarly  called  by  his  many  old-time  friends,  entered  the 
service  of  the  Baltimore  and  Ohio  Kailroad  Company  in  1859,  aa 
a  messenger  boy.  In  that  capacity  he  learned  telegraphy,  and 
at  the  beginning  of  the  civil  war,  was  sufficiently  advanced  to 
be  assigned  to  regular  duty  at  the  Annapolis  Junction  office. 
Up  to  the  year  1864  he  was  actively  engaged  as  a  telegraph 
operator,  in  the  government  as  well  as  railroad  em  ploy,  in  varioua 
West  Virginia  offices,  and  afterwards  entered  the  service  of  the 
United  States  Telegraph  Company  at  Philadelphia.  He  subse- 
quently returned  to  Baltimore,  where  he  was  employed  by  the 
Bankers  and  Brokers'  Telegraph  Company,  and  latterly  by  the 
Western  Union,  whore  he  was  appointed  manager  of  the  Com- 
mercial News  Department,  which  included  the  "  ticker  "  service^ 
Upon  the  completion  of  the  lines  of  the  Mutual  Union  Telegraph 
Company,  he  was  appointed  manager  of  the  Baltimore  office,  but 
after  the  amalgamation  of  that  company  with  the  Western  Union, 
he  gave  up  telegraphy,  which,  in  his  opinion,  no  longer  offered  a 
field  for  advancement. 

The  importation  from  Europe  of  00  cells  of  the  Fanre  secon- 
dary battery,  in  1882,  offered  him  an  opportunity  to  enter  upon 
what  proved  to  be  his  future  branch  in  the  rapidly  growing  field 
of  electric  lighting.  In  a  paper  on  "  Secondary  Batteries  for 
Light  and  Power,"  before  the  Institute*,  presented  May  16th, 
1886,  Mr.  Bauer  gave  a  very  interesting  history  of  three  years 
practical  experience,  based  upon  the  introduction  of  the  Faure 
battery  in  electric  lighting,  street  railway  and  telegraph  service* 
This  paper  was  of  especial  value  at  the  date  when  it  was  written, 
as  very  little  information  upon  the  subject  treated  was  accessible. 
He  continued  in**  this  line   of  work  with  the  Electric  Storage 

1.    Tkansactions,  vol.  iii,  p.  129. 
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Company,  of  Baltimore,  and  the  Electrical  Accnmnlator  Com- 
pany, New  York,  until  1888,  during  which  period  he  became 
more  generally  known  in  the  rapidly  growing  ranks  of  the  elec- 
trical fraternity.  The  introduction  of  the  secondary  battery  for 
the  lighting  of  railroad  trains  led  to  his  appointment,  an  February 
18th,  1888,  as  electrical  engineer  of  the  Pullman  Palace  Car 
Company,  a  position  which  he  held  at  the  time  of  his  death.  At 
the  Chicago  meeting  of  the  Institute,  June  6th,  7th  and  8th, 
1892,  Mr.  Bauer  read  a  paper*  on  "  Railway  Train  Lighting,"  con- 
taining a  description  of  the  system  used  in  the  Pullman  service, 
together  with  valuable  data  as  to  the  cost  of  lighting,  made  up 
from  actual  records.  These  two  papers  by  Mr.  Bauer  are  char- 
acteristic of  the  man,  and  showed  how  thoroughly  he  had  mastered 
all  the  details  of  the  actual  merits  of  the  secondary  battery  for 
the  service  with  which  he  had  been  most  prominently  identified. 
In  thus  giving  the  public,  through  the  Institdtk,  the  benefit 
of  his  investigations  extending  over  a  decade,  Mr.  Bauer  per- 
formed a  service  which  is  no  doubt  appreciated  by  all  whose 
duties  have  led  them  in  similar  directions.  He  also  made  many 
improvements  in  train  lighting,  some  of  which  were  patented. 
Recently  his  headquarters  were  at  Jersey  City,  where  he  was 
enabled  to  personally  supervise  the  apparatus  on  such  through 
trains  to  the  south  and  west  as  were  provided  with  electric 
lighting  plants.  Mr.  Bauer  had  a  wide  circle  of  friends  who 
were  warmly  attached  to  him,  all  of  whom  were  deeply  shocked 
by  his  death,  not  being  aware  of  the  fatal  character  of  his  ill- 
ness. He  leaves  a  widow  and  a  son,  William  F.  Bauer,  who, 
following  the  example  of  his  father  and  grandfather,  is  also  en- 
gaged in  electrical  pursuits,  and  who  was  elected  an  associate 
member  of  the  Institute,  April  15th,  1890. 


Rudolph  Eiokemeyer  [^Aawciate  Memher^  September  20^, 
1893,  Member^  April  18M,  1894]  was  bom  in  Altenburg,  Pala- 
tinate, Bavaria,  October  18th,  1831,  and  was  educated  at  the 
Polytechnic  Institute,  Darmstadt,  Hesse.  In  1850  he  came  to 
the  United  States  and  was  first  employed  on  the  Erie  Railway, 
and  shortly  after  in  the  Buffalo  Steam  KngiDC  Works.  On  the 
first  of  September,  1854,  he  established  himself  in  business  at 
Yonkers,  N.  Y.,  first  as  a  repairer  of  tools,  and  subsequently  as 
an  inventor  and  manufacturer  of  hat  machinery.     Mr.  George 

1.     Transactions,  vol.  ix,  p.  445. 
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Osterheld,  who  came  from  Europe  with  him,  was  his  partner  in 
this  business.  Before  interesting  himself  in  electrical  work  in 
1878,  he  had  taken  out  about  150  patents.  He  continued  his 
electrical  experimentino^  and  investigating,  at  first  in  the  line  of 
telephony,  and  in  1882  invented  the  type  of  dynamo  which  has 
since  been  known  by  his  name.  He  began  its  manufacture  for 
commercial  use  in  1886. 

Owing  to  its  compact  form  and  high  efficiency,  this  ironclad 
dynamo  has  been  found  especially  adapted  for  railway  train 
lighting.  The  motor  proved  equally  desirable  for  street  railway 
work,  and  4Cs  plan  of  winding  was  used  in  the  Edison  system. 
Mr.  Eickemeyer  devoted  his  attention  especially  to  the  magnetic , 
qualities  of  his  dynamos,  and  in  the  course  of  his  investigations 
in  1887,  he  devised  the  differential  magnetometer  which  proved 
of  great  service  in  determining  the  relative  merits  of  different 
kinds  of  iron.  Working  alone  as  he  did,  and  deriving  his 
electrical  knowledge  from  books,  he  naturally  felt  somewhat 
difiident  as  to  the  merits  of  his  inventions.  It  was  not  until  he 
had  been  assured  by  Mr.  Stephen  D.  Field,  that  his  electrical 
machinery  was  of  a  superior  quality,  that  he  decided  to  place  it 
on  the  market.  Even  as  late  as  1893,  when  his  inventions  were 
well-known  and  appreciated,  he  was  loth  to  admit  that  his  work 
was  worthy  of  consideration.  '*  I  am  only  a  maker  of  hat  ma- 
chinery "  were  the  words  he  used  when  asked  about  his  electrical 
career.  In  the  city  of  Fonkers,  where  he  had  built  up  a  pros- 
perous business,  and  among  his  friends  who  knew  him  best,  his 
public  spirit  and  genuine  worth  were  highly  respected  and  ap- 
preciated.  Mr.  Eickemeyer  died  at  Washington,  D.  C,  on 
January  23rd,  1895. 
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IN  MEMORtAM. 

On  October  13th,  1 895,  in  the  picturesque  village  of  Great 
Barrington,  that  nestles  like  a  gem  amidst  the  g^ndenr  and 
beauty  of  the  Berkshire  Hills  of  Western  Massachusetts,  there 
occured  one  of  the  most  tragic  events  that  has  so  far  attended 
the  development  of  electric  energy.  In  this,  his  birthplace,  and 
scene  of  his  childhood,  Franklin  Leonard  Pope,  at  the  age  of  55 
years,  passed  beyond  the  boundary  that  separates  the  known  from 
the  unknown.  In  the  very  prime  of  life,  at  the  zenith  of  a  most 
honorable  and  useful  career,  he  was  instantly  stricken  down  by 
the  mysterious  electric  agent  that  he  had  so  thoroughly  studied, 
and  assisted  to  guide  into  the  service  of  mankind  at  an  early  day, 
when  but  little  was  known  of  its  subtle  nature  and  useful  possi 
bilities. 

Mr.  Pope  was  bom  on  December  2nd,  1840,  a  descendant  of 
Thomas  Pope,  the  Pilgrim,  who  settled  in  Plymouth,  Mass.,  in 
1631,  and  died  in  Dartmouth  in  1683,  and  it  was  the  hereditary 
strain  of  Puritan  energy  that  dominated  Franklin  Leonard,  the 
subject  of  this  fragmentary  and  inadequate  sketch.  His  birth 
was  almost  coincident  with  the  introduction  of  railroads  and 
telegraphs,  and  so  keen  were  his  faculties  of  observation  and  in- 
terest in  mechanism,  that,  when  a  small  boy,  he  made  from 
memory  water-color  drawings  of  all  the  locomotives  on  the 
Housatonic  Railroad.  Those  pictures  were  such  faithful  repro- 
ductions, that  Mr.  Peleg  Broneon,  one  of  the  engineers  of  that 
road,  employed  Master  Pope  to  make  a  water-color  picture  of 
the  locomotive  "  Lee."  Thus  his  first  earnings  were  due  to  the 
early  development  of  his  artistic  taste,  which  was  a  character- 
istic trait  throughout  his  career.  It  seems  that  the  Christian 
name  "  Franklin  "  was  singularly  prophetic  so  far  as  Mr.  Pope's 
tastes  for  scientific  research  were  concerned. 

After  receiving  such  limited  education  as  the  common  school 
of  his  native  village  afforded,  supplemented  by  a  term  at  the 
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scademy  in  Amherst,  Mass.,  we  find  him  at  the  age  of  17,  favored 
by  the  unsolicited  appointment  as  operator  in  the  Great  Barring- 
ton  telegraph  office,  and  shortly  afterwards  appointed  circuit 
manager  of  the  Boston  and  Albany  railroad  wires  at  Springfield, 
Mass.,  as  he  soon  attained  considerable  reputation  as  an  expert 
operator  of  the  Hughes  printing  instrument. 

About  the  close  of  1859,  Mr.  Pope  was  given  a  position  in  the 
drafting  department  of  the  Soientific  American  in  New  Yorjk 
■City.  Here  he  found  scope  for  his  natural  talents  as  a  drafts* 
man,  and  at  the  same  time  acquired  an  insight  into  patent  law 
and  the  preparation  and  prosecuting  of  applications  for  patents, 
a  knowledge  that  he  afterwards  turned  to  good  account. 

Mr.  Pope  re-entered  the  telegraph  service  in  Providence,  R.  I., 
as  an  operator,  in  1861.  There  he  displayed  his  drafting  skill 
by  making  a  complete  map  of  all  the  wires  and  routes  between 
Boston  and  New  York,  which  was  brought  to  the  attention  of 
Cheneral  Marshall  Lefferts,  Engineer-in-Chief  of  the  American 
Telegraph  Company,  who  promoted  him  to  a  more  important 
position  in  New  York,  where  a  larger  field  of  usefulness  opened 
out  before  this  ambitious  young  man.  During  the  draft  riots  in 
New  York,  in  July,  1863,  the  telegraph  wires  were  cut  down  by 
rioters,  leaving  the  city  in  telegraphic  darkness  at  a  very  critical 
moment  iu  our  country's  history.  Mr.  Pope  was  assigned  by 
General  Lefferts  to  the  duty  of  restoring  communication  between 
New  York  and  Boston.  The  lines  were  found  destroyed  in 
many  places  along  the  railroad  between  Williams  Bridge  and 
42nd  Street  in  New  York,  and  also  in  the  southern  portion  of 
Westchester  County,  all  that  territory  bein^  under  the  surveil- 
lance of  the  rioters.  Mr.  Pope  disguised  hhnself  as  a  farm 
laborer,  and  with  a  portable  telegraph  instrument  and  repairing 
tools  concealed  in  a  sack  of  oats,  started  from  New  Rochelle,  and 
protected  by  a  dark  foggy  day,  walked  over  the  fifteen  miles 
between  that  place  and  Harlem  River,  and  during  the  succeeding 
night  connected  up  one  of  the  fragmentary  wires  and  restored 
telegraphic  communication  to  Boston,  notwithstanding  he  had 
to  run  the  gauntlet  of  the  enemy's  pickets.  At  one  time  during 
the  night  he  was  captured,  but  so  well  did  he  play  his  role  of  a 
rustic,  that  he  was  liberated  unharmed ;  at  another  time,  a  little 
later,  he  was  attacked  at  a  point  near  Morrisania  by  a  gang  of  at 
least  fifty  rioters,  armed  with  knives  and  pistols,  but  he  eluded 
his  assailants  in  the  darkness  by  concealing  himself  in  a  cornfield 
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until  he  was  able  to  proceed  unnoticed  and  complete  his  danger- 
ous task..  The  single  wire  so  connected,  ran  along  fences ;  under 
station  platforms,  and  was  carried  mainly  by  trees  and  bushes 
close  to  the  ground,  so  that  it  was  not  distinguishable  from  the 
wrecked  wires  cut  from  their  regular  supports  on  poles.  Thus 
was  restored  an  unsuspected  avenue  of  telegraphic  communicar 
tion  that  was  of  great  public  importance. 

At  the  close  of  1863,  the  telegraphers  of  the  United  States 
formed  the  National  Telegraphic  Union,  of  which  Mr.  Pope  was 
the  New  York  District  Secretary.  This  society  established 
a  monthly  publication,  The  Telegrapher^  which,  besides  the 
aims  and  interests  of  the  Union,  was  largely  devoted  to  tele- 
graphic history  and  progress,  and  contained  many  valuable  and 
selected  articles.  Mr.  Pope  was  the  first  contributor,  under  the 
pseudonym  of  "  Elektron,"  of  original  researches  upon  batteries, 
repeaters,  insulators  and  kindred  subjects,  in  wliich  connection 
the  editor  in  the  issue  of  April  25th,  1865,  says :  "  The  series  of 
"articles  upon  "  The  Telegraphic  Repeater,"  which  has  occupied 
"  the  first  page  of  several  numbers  of  this  paper,  are  brought  to 
"  a  close  m  this  issue.  The  writer  of  thera  (Major  Pope)  has 
"  done  a  signal  service  to  our  readers,  the  telegraphic  public,  the 
"  inventors  and  ourselves.  Never  before  has  the  suoiect  been 
"  printed.  The  diagrams  were  put  upon  the  wood  oy  Major 
"  rope,  who  has  besides  all  this  contributed  freely  to  other 
"  columns  of  this  paper,  and  will  be  its  correspondent  from  the 
"  Collins'  Overland  expedition,  whence  he  sailed  in  company 
"  with  Mr.  Cran,  on  the  3rd  instant,  on  the  steamship  *  Ariel,* 
"  via  the  Isthmus." 

Several  illustrations  of  Mr.  Pope's  cleverness  at  designing  and 
drawing  are  to  found  in  The  Telegrapher^ %  pages,  one  of  which 
appeared  at  tlie  head  of  its  editorial  columns  on  Nov.  28,  1864, 
and  another,  the  heading  of  the  first  page.  This  was  designed 
to  be  symbolical  of  telegraphy,  and  is  explained  by  the  editor  as 
follows :  "  The  great  joy  of  the  *  owl '  in  the  vignette  while 
"  sending  his  last  message  at  midnight,  can  be  readily  under- 
"  stood  by  those  whose  misfortune  it  is  to  see  the  day  die  and 
"  come  to  life  again,  as  they  wearily  drag  themselves  home  from 
"  a  night's  exhausting  work.  The  scene  at  the  right  is  the  in- 
"  terior  of  an  office  containing  those  wonders  of  telegraphy — the 
"  printing  instruments.  Those  who  have  witnessed  the  excite- 
"  ment  caused  by  news  from  the  war  can  understand  the  pictured 
"  scene  at  the  leit."     [A  crowd  around  a  bulletin  board.] 

The  overland  telegraph  connecting  San  Francisco  and  adjacent 
territory  with  Chicago  and  the  East,  was  completed  in  October^ 
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1862,  and  the  California  State  Telegraph  Company  had  shortly 
afterward  connected  San  Francisco  by  wire  with  New  West- 
minster, in  British  Columbia. 

Owing  to  the  failure  of  Cyrus  "W.  Field's  1858  cable  under 
the  Atlantic  ocean,  a  project  equally  as  stupendous  was  conceived 
by  Perry  Mc  D.  Collins,  to  connect  the  new  and  old  worlds  by 
the  electric  wire,  via  New  Westminster  northward  through  the 
Arctic  region  to  Behring  Strait,  over  2,500  miles,  crossing  the 
Strait  by  a  submarine  cable  about  178  miles  in  lengtli,  thence  by 
overland  wire  through  Russia  to  Moscow,  about  7,000  miles. 
Owing  to  the  extremely  irregular  Pacific  coast  line  between  Van- 
couver's Island  and  Cape  Prince  of  Wales — deeply  indented  with 
ragged  fiords,  flanked  by  abrupt  mountain  ranges  and  spurs  that 
stand  sheer  to  the  sea,  beetling  o'er  their  base  and  looking  many 
fathoms  down,  it  was  necessary  to  find  an  interior  route  through 
British  Columbia  and  Russian  America  (now  Alaska),  to  Behring 
Strait.  This  region  was  nearly  as  trackless  and  vast  as  the  ocean, 
with  but  vague  accounts  of  the  topography  of  a  very  limited 
portion  gained  through  Indian  hunters. 

The  Western  Union  Telegraph  directors  in  lbH4  organized 
the  Western  Union  Russian  Extension  Company  to  carry  out 
this  gigantic  enterprise,  of  which  Colonel  Charles  S.  Bulkley, 
who  had  been  superintendent  of  military  telegraphs  in  the  Gulf 
Department,  was  appointed  Engineer-in-Chief,  and  Mr.  Pope 
Assistant  Engineer  and  Chief  of  the  Geographical  Department. 
Among  the  preparations  for  the  expedition  to  explore  the  coun- 
try and  construct  lines  through  a  region,  the  most  of  which  was 
wholly  unknown,  it  was  necessary  to  make  a  very  exhaustive 
study  of  all  the  existing  charts,  maps,  books  and  other  printed 
matter  relating  to  British  Columbia  and  Russian  America.  From 
these  meagre  sources,  dating  back  to  1779,  were  compiled  some 
important  maps  for  the  use  of  the  leaders  of  the  expedition. 
Mr.  Pope  executed  on  the  polyconic  plan  a  large  map  con- 
taining portions  of  the  two  hemispheres  in  a  manner  never 
before  shown.  Eminent  geographers  of  that  day  considered  the 
map  a  chefcTceuvre  of  drafting,  and  the  most  accurate  map  extant. 

Mr.  Pope  was  detailed  to  explore  the  wildest  and  most  inhos- 
pitable portion  of  the  territory  between  the  head  of  the  Eraser 
river  in  British  Columbia  and  the  Yukon  river  in  the  heart  of 
Russian  America,  a  distance  of  1,500  miles,  and  in  view  of  his 
qualifications  for  so   important  an  undertaking,  he  was  corn- 
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missioned  with  the  rank  of  Major  by  Governor  Andrew  of 
Massachusetts,  and  attached  to  his  staff.  This  compliment  from 
Mr.  Pope's  native  state  is  one  that  was  creditable  alike  to  both 
parties.  Mr.  Pope  arrived  in  San  Francisco  on  the  27th  of 
April,  1805,  and  shortly  after  proceeded  to  New  Westminster, 
whence  he  started,  in  June,  northward  upon  his  perilous  under- 
taking. From  New  Westminster  to  Quesnel,  about  390  miles 
north  upon  the  Fraser  river,  the  route  was  considered  as  a  com- 
paratively easy  one  for  the  construction  of  the  line — and  work 
had  already  been  started  upon  this  section  by  Assistant  Engineer 
Edward  Conway,  the  first  pole  being  set  on  February  24th. 
The  nature  of  this  part  of  the  country  may  be  gleaned  from  a 
letter  written  at  the  time  by  Mr.  Pope,  who  says :  "  The  Colon- 
"  ial  Government  is  now  engaged  in  cutting  a  road  from  New 
"  Westminster  to  Yale,  a  distance  of  90  miles,  along  which  the 
"  wire  will  be  carried.  There  has  heretofore  been  no  communi- 
**  cation  between  these  two  points  whatever.  The  river  (Fraser) 
"  is  bordered  on  both  sides  by  high  mountains  and  dense  forests 
"  of  heavy  timber  with  an  almost  impenetrable  undergrowth." 

"  Notwithstanding  these  difficulties,  Mr.  Conway,  during  the 
"  last  part  of  last  winter,  made  an  exploration  of  the  entire  route 
"  upon  snow-shoes,  a  feat  never  before  attempted  by  any  white 
"man." 

Mr.  Pope  also  says :  "  It  will  be  a  matter  of  considerable  ditfi- 
"  cultv  to  construct  a  line  of  telegraph  over  that  portion  of  this 
"  road  which  passes  through  the  '  Great  Cafion,'  as  in  many 
"  places  the  road  has  a  perpendicular  wall  of  rock  upon  one  side, 
"  and  a  perpendicular  precipice  on  the  other,  and  in  one  place  is 
"  carriea  around  the  face  of  a  cliff  in  this  manner  at  an  elevation 
"  of  some  2,000  feet  directly  over  the  river,  being  in  some  parts 
"  blasted  out  of  solid  rock  and  in  others  supported  by  a  sort  of 
"  staging."    • 

There  is  nothing  in  this  description  of  the  first  step  in  the  en- 
terprise calculated  to  reassure  or  cheer  the  hardy  explorer  who 
was  bound  northward  into  an  Arctic  couiitry  that  was  an  absolute 
terra  incognita^  even  to  the  adventurous  fur  trader  of  the  Hud- 
son Bay  Company.  This  rugged,  mountainous,  volcano-torn  and 
tossed  rock-ribbed  wilderness,  presented  tremendous  impediments 
to  exploration,  which  involved  weary  months  of  climbing  over 
towering  rocks  and  mountain  ridges,  precipices,  through  swamps, 
fording  cold  and  dangerous  streams — ever  and  anon  scrambling 
over  ragged  promontories  of  river  banks  or  skirting  their  bases 
with  but  slender  foothold,  amidst  the  defile  of  lofty  moimtains 
clad  in  perpetual  snow.     Such  physical  difficulties  demanded  a 
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ijonrage  and  endurance  tjiat  but  few  men  possess.  Oft-repeated 
attempts  would  be  made  to  tind  a  passage  over  the  mountains, 
but  impassable  barriers  would  as  often  turn  back  the  explorers. 
A  practical  path  at  times  seemed  to  be  opened  up  by  a  defile, 
but  only  to  terminate  in  a  chaotic  and  impenetrable  mass  of  clifib 
and  boulders,  causing  many  painful  retreats  amidst  the  Arctic 
cold  and  snow,  many  times  with  scant  food  and  no  shelter.  It 
was  under  such  conditions  that  Mr.  Pope  carried  on  his  explora- 
tions from  June,  1865,  to  May,  1866.  He  succeeded  in  survey- 
ing the  route  as  far  north  as  the  head-waters  of  the  Stikeen 
riyer,  which  are  about  1,100  miles  from  New  Westminster,  and 
500  miles  from  the  Pacific  ocean.  Arriving  there  in  the  middle 
of  April,  it  was  found  necessary  to  stop  explorations  until  the 
following  winter  on  account  of  the  approaching  mild  season,  the 
snow  being  necessary  to  enable  the  explorer  to  travel  over  dense 
underbrush  and  other  obstacles  so  graphically  described  by  Mr. 
Pope  in  a  private  letter  written  from  Lake  Tatla,  B.  C,  Nov. 
7th,  1866,  as  follows : 

"  1  have  just  returned  from  an  exploring  expedition  north  to 
"Fort  Connolly,  about  sixty  miles  from  here.  We  had  to  carry 
**  our  blankets,  provisions,  axes,  frying-pans,  guns  and  forty 
"  other  traps  on  our  backs,  and  the  whole  forest  from  here  to 
**  there  has  been  burnt,  and  has  all  blown  down,  and  the  logs 
"are]>iled  up  'criss-cross'  in  every  direction  several  feet  high, 
*'  like  a  pile  of  matches  thrown  on  the  floor.  It  was  nice  work 
"  climbing  over  that  pile  of  stuff  for  over  sixty  miles  with  the 
**  load  we  had.  Then  we  had  to  wade  a  river,  nearly  twice  as 
*' large  as  the  Housatonic,  al)out  daylight  one  morning,  with  the 
"ice  running  down.  To  add  to  the  beauties  of  the  situation,  we 
*'got  snowea  up  in  the  mountains,  and  had  to  stay  .there  until  all 
"our  •  grub '  was  eaten  up,  and  when  we  finally  got  out,  had  to 
**  travel  all  the  wav  back  again  with  nothing  for  three  of  us  to 
*'  eat,  except  two  dried  wood-chucks  and  four  dried  fish.  We 
used  to  scramble  over  the  logs  all  day  and  sit  down  at  night 
and  eat  our  pieces  of  dried  wood  chuck,  about  as  large  as  a 
plug  of  tobacco  and  a  good  deal  tougher  than  gutta  percha, 
with  first  rate  appetites." 
In  another  letter,  dated  New  Westminster,  June  15, 1866,  Mr. 
Pope  gives  us  a  sample  of  his  power  of  description,  as  well  as  an 
insight  into  the  trying  task  he  had  set  out  to  accomplish  after  he 
left  Lake  Tatla  to  reach  the  head-waters  of  the  Stikeen,  as  well 
as  his  advienturous  trip  down  that  river  to  the  ocean,  on  his  way 
to  New  Westminster,  to  perfect  plans  and  arrange  for  supplies 
to  resume  explorations  in  the  wilderness  northward  between  the 
Stikeen  and  the  Yukon  rivers.     He  says :  c  ^  \ 
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"  The  little  party  was  composed  of  twp  white  men,  Mr.  Georsre 
"  Blenkinsop,  of  Victoria,  aud  myself,  with  two  Indians  to  assist 
"in  cutting  firewood  and  carrying  the  provisions.  We  were 
"  furthermore  provided  with  a  sledge  and  team  of  four  dogs, 
"  which,  when  we  set  out,  carried  four  hundred  pounds  of  pro- 
"  visions  and  other  necessary  articles.  Each  of  us  was  also 
^  furnished  with  a  pair  of  snow-shoes,  without  which  one  could 
"  not  move  ten  rods  from*  home  in  the  deep  snows  of  this  north- 
"  em  climate.  Thus  equipped,  we  set  out  on  our  journey  into 
"  the  unknown  wilderness,  with  no  guide  but  the  compass,  and 
"  the  certainty  that  the  river  Stikeen  lay  at  an  unknown  distance 
"to  the  northwest.  Our  greatest  difficulty  was  caused  by  the 
"  depth,  and  more  especially  the  lightness  oi  the  snow,  in  which 
"  the  dogs  would  sometimes  struggle  for  an  entire  day,  with 
"  merely  their  heads  above  the  surface,  we  drawing  the  load  our- 
"  selves,  and  sometimes  even  carrying  the  dogs  on  our  backs,  when 
"  they  were  too  much  exhausted  to  move.  For  many  days  we 
"  thus  laboriously  worked  our  way  up  the  valley  of  the  Skeeua, 
"  making  an  advance  of  only  three  or  four  miles  per  day  with 
"  the  utmost  labor  and  difficulty.  The  snow  in  many  parts  of 
"  this  valley  was  ten  feet  in  depth." 

'^  On  the  28rd  of  March  we  reached  the  head  of  Skeena  river 
"in  a  beautiful  prairie  about  15  miles  in  length  and  surrounded 
"  by  lofty,  snow-clad  mountains.  Here  we  were  obliged  to  kill 
"  one  of  the  dogs  which  was  worn  out  with  the  severe  labor,  and 
"  unable  to  keep  up  with  us.  Matters  thus  far  had  been  any- 
"  thing  but  encouraging.  After  a  month  of  protracted  and  very 
"exhausting  labor  we  had  accomplished  but  150  milep,  and  our 
"dogs  were  nearly  all  '  used  up,'  and  in  a  fair  way  to  soon  follow 
"  the  first  one  killed,  which  would  leave  us  without  any  means  of 
"  transportation  for  our  provisions  in  the  heart  of  an  intermin- 
"able  wilderness.  We  two,  excluding  the  Indians,  who,  of 
"  course,  wanted  to  return,  held  a  council  of  war,  at  which  it  was 
"  unanimously  decided  to  'go  ahead.'  So  we  pushed  forward, 
"  and  from  that  moment  circumstances  favored  our  enterprise. 
"  The  snow  became  firm  under  our  feet,  and  the  three  dogs 
"  trotted  along  merrily  with  the  load  over  its  smooth,  hard  sur- 
"  face.  We  were  now  following  a  stream  which  I  knew  from 
"  the  nature  of  the  country  must  be  a  tributary  of  the  Stikeen,  and, 
"  indeed,  it  was  the  identical  river  itself.  So  we  pushed  forward 
"  as  rapidly  as  possible,  and  about  the  15th  of  April  came  upon 
"  the  encampment  of  an  Indian  family,  who  had,  fortunately, 
"just  killed  a  reindeer,  and  were,  conse(|uently,  flush  of  provis- 
"  ions.  They  treated  us  with  the  utmost  hospitality,  and  we 
"  gladly  accepted  their  invitation  to  remain  a  day  or  two  and 
"  feast  ourselves  and  our  half-starved  dogs.  So  we  lay  on  the 
"  fragrant  bed  of  spruce  houghs  in  the  Indian  wigwam,  enjoving 
"  the  unaccustomed  luxury  of  having  plenty  to  eat  and  nothing 
"  to  do.     Our  dusky  hosts  were  continually  cooking  all  kinds  of 
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**  strange  messes,  and  inviting  ns  to  partake  of  them,  which,  in 
*'  accordance  with  Indian  etiquette,  we  invariably  did  and  asked 
*'  no  questions.  At  night  we  slept  in  the  wigwam,  mixed  up  in- 
"  discriminately  with  the  whole  family — ^men,  women,  children, 
"babes  and  "cultus"  dogs — seventeen  humans  and  an  indetinite 
"  number  of  curs,  packed  in  a  space  of  about  15  feet  square. 
"  However,  the  building,  being  constructed  of  iir  boughs,  was 
**  well  ventilated,  and  we  experienced  no  particular  inconven- 
*'  ience." 

'*  The  next  morning  we  bade  farewell  to  our  hospitable  enter- 
**  tainers,  and,  harnessing  our  dogs,  proceeded  on  our  journey. 
"  In  a  day  or  two  more  we  reached  the  Grand  Cafion  of  the  Stik- 
"  een — a  place  which  had  been  visited  by  the  miners  from  the 
**  lower  river  in  1862.  Avoiding  the  worst  part  of  the  cafion  by 
"  an  overland  portage  of  40  miles,  we  entered  the  lower  part  of 
"  it  by  a  side  gnlch  at  Salmon  creek.  Language  cannot  describe 
"  the  overpowering  and  terrible  grandeur  of  the  scene  in  many 
**  parts  of  this  cafion.  It  may  be  described  as  an  immense  fissure, 
*^  apparently  caused  by  an  earthauake,  8o  miles  in  length,  and 
"running  through  a  Comparatively  level  country.  This  chasm, 
"  though  in  no  place  over  200  or  perhaps  800  feet  wide,  varies 
"  in  depth  from  300  to  2,000  feet.  The  walls  are  in  most  places 
"  perpendicular,  and  wrought  by  the  hand  of  nature  into  the 
"most  curious  forms  and  colors.  Through  the  bottom  of  the 
**  cafion  the  river  rushes  furiously  along,  filling  the  whole  space 
"between  the  walls.  The  river  had  been  frozen  several  feet 
"  thick,  but  had  broken  away  in  the  middle,  leaving  the  firm  ice 
"still  clinging  to  the  rocky  walls,  and  along  this  we  made  our  way 
"  for  80  miles.  In  several  places  the  ice  was  gone  entirely,  and 
**  we  were  obliged  to  clamber  periiuusly  up  and  along  the  per- 
"  pendicular  cliffs  overhanging  the  waters,  hauling  up  the  dogs 
"  and  baggage  with  ropes.'^ 

"  By  great  care  and  patience,  all  these  difficult  and  dangerous 
"  places  were  finally  passed  without  accident,  and  to  our  great 
"  relief  we  came  out  from  beneath  the  gloomy  and  frowning 
*'le*dge8  of  the  cafion  into  the  sunlight  once  more.  Reaching 
"  Buck's  Bar,  the  seat  of  the  celebrated  Stikeen  gold  excitment 
"of  J8r»2,  we  built  a  boat, — not  a  handsome  boat,  but  still  a 
*' boat,— out  of  lumber  left  there  by  the  miners,  and  waiting  a 
"  day  or  two  for  the  ice  to  run  out  of  the  river,  we  iauched  our 
*' craft,  which  was  christened  the ' '  Clarette,'  and  set  out  for  the 
*'  Pacific.  The  powerful  current  of  the  Stikeen,  aided  by  our  ef- 
"  forts  with  the  oars,  in  three  days  carried  us  over  16o  miles  inter- 
*' vening  between  Buck's  Bar  and  the  'great  salt  sea.'  Arriving 
"at  the  mouth  of  the  river,  we  found  the  steamer  'Otter'  an- 
*'chored  in  the  ofling,  bound  next  day  for  Victoria.  We  rowed 
**  out  to  her  and  went  aboard  at  once,  glad  enough  to  see  the 
*'  faces  of  white  men  once  more  after  our  toilsome  journey 
"of  seven  hundred  milos,  which  was  accomplished  in  seventy 
"  days." 
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The  diflScult  nature  of  this  undertaking  was  well  understood 
by  his  brother,  Mr.  Ralph  W.  Pope,  tlien  stationed  at  Quesnel, 
who  wrote  in  his  diary,  March  5th,  as  follows : 

"Hudson  Bay  express,  12  days  from  Fort  James,  arrived, 
"  bringing  letters  from  my  brother's  party,  the  latest  dated  Lake 
"Tatla,  January  22d.  Major  Pope  and  Blenkinsop  were  to  start 
"for  the  coast,  via  Connolly's  Lake,  on  the  1st  of  February.  I 
"  think  it  doubtful  whether  they  succeed  in  reaching  there,  but 
"  if  they  do,  they  will  probably  reach  New  Westminster  by  the 
"1st  of  May." 

[As  a  matter  of  fact,  they  left  Tatla  February  19th,  and  ar- 
rived at  New  Westminster  May  24th,  1866.] 

The  Alta-CaUfomia  commented  at  the  time  upon  Mr.  Pope's 
achievements  as  follows : 

"  Major  Pope  has  shown  great  energy  in  pushing  this  survey 
*•  through,  resulting  so  favorably,  and  is  entitled  to  much  credit 
"  for  his  tact  and  skill  in  the  management  of  the  various  Indian 
''  tribes  in  the  Northwest,  with  whom  he  is  on  the  most  friendly 
"  terms." 

His  success  with  these  treacherous  nomads  wns  foreshadowed 
at  the  outset.  Mr.  Pope  called  a  grand  council  of  the  Indians, 
at  Fraser  lake,  and  explained  to  them  the  object  of  his  trip 
through  their  country,  and  in  order  to  convey  to  their  minds 
some  idea  of  the  nature  of  the  telegraph,  he  strung  a  wire  upon 
small  poles,  a  distance  of  several  hundred  yards,  and  made  a 
circuit  with  a  portable  intermediate  battery,  and  pocket  instru- 
ments. At  one  end  of  the  wire,  Mr.  Pope  arranged  a  pistol  in 
such  a  manner  that  it  was  tired  by  the  Indian  chief  closing  the 
distant  key.  This  perfonnance  was  voted  "  great  medicine,"  and 
was  repeated  many  times,  to  the  wonder  and  delight  of  Ihe 
savages.  The  chief  stationed  some  of  his  braves  at  the  farther 
terminal  of  the  circuit,  to  which  end  Mr.  Pope  a;lso  repaired,  and 
without  their  knowledge  the  chief  had  Mr.  Pope's  brother,  Kalph 
W.,  transmit  a  message  asking  for  a  piece  of  tobacco,  which  was 
promptly  conveyed  by  a  courier  and  presented  to  the  chief,  caus- 
ing great  astonishment  and  an  immense  outburst  of  "  Chinook  " 
jargon.  This  admirable  "medicine"  together  with  very  gener- 
ous gifts,  particularly  tobacco,  the  acme  of  an  Indian's  desires, 
had  a  propitiatory  effect,  and  elevated  Mr.  Pope  \o  a  high  pin- 
nacle in  the  savage  esteem. 

While  Mr.  Pope  was  arranging  the  details  at  New  Westminster^ 
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to  explore  the  more  difficult  and  dangerous  part  of  liis  territory 
northward  to  the  Yukon  River,  to  meet  an  exploring  party  al- 
ready started  from  its  mouth  to  pierce  the  interior,  and  form  a 
junction  at  its  head-water3  with  Mr.  Pope,  he  received  the  intelli- 
gence of  the  success  of  the  Atlantic  cable,  and  with  his  intimate 
knowledge  of  telegraph  affairs,  and  his  late  experience,  he  wisely 
concluded,  in  advance  of  the  executive  officials  of  his  company, 
that  the  Knssian  overland  enterprise  was  doomed  for  a  long 
time  to  innocuous  desuetude,  and  resigning  his  position,  he 
reached  New  York  in  October,  1866.  His  record  from  that  time 
on  is  one  of  close  and  intelligent  study  of  law,  and  the  complete 
circle  of  scientific  subjects,  and  more  particularly  the  applica- 
tion of  electricity  to  telegraphy,  railroad  signals,  and  the  numer- 
ous other  industrial  and  domestic  purposes. 

Immediately  upon  his  return,  Mr.  Pope  resumed  the  contri- 
bution of  original  illustrated  articles  to  The  Telegrapher  upon 
the  method  of  working  the  Atlantic  cable  ;  the  principles  of  du- 
plex working,  and  other  practical  subjects  of  great  moment  to 
the  rank  and  file  of  American  telegraphers,  who  had,  outside  of 
that  journal,  but  very  meagre  sources  of  information. 

Mr.  Pope  ably  filled  the  editor's  chair  of  that  paper  from  Au- 
gust, 1867,  until  February,  1868,  when  he  resigned  to  devote 
himself  to  electrical  engineering.  In  1867  Dr.  S.  S.  Laws  in- 
vented an  electrical  instrument  intended  to  exhibit  the  changes 
in  the  market  prices  of  gold  in  brokers'  offices  and  to  be  operated 
by  wires  from  the  gold  exchange.  The  invention  was  entirely 
tentative  until  18^)8,  when  Mr.  Pope  was  secured  to  develop  and 
manage  the  system,  which,  through  his  ingenuity,  was  soon 
placed  in  satisfactory  operation,  netting  a  large  profit  to  the  pro- 
prietor, besides  laying  the  foundation  for  the  immense  stock  re- 
porting system  of  the  ])re8ent  day. 

In  this  year  Mr.  Pope  commenced  work  upon  the  first  edition 
of  his  "  Modern  Practice  of  the  Electric  Telegraph  "  which  was 
issued  in  May,  1869,  and  advance  sheets  were  thus  commented 
upon  by  the  Western  Union  Journal,  of  the  Tehgraph^  of  Feb- 
ruary 1st,  1869: 

"  We  are  not  a  little  pleased  to  know  that  in  about  a  month  a 
'*  book  entitled  '  The  Modem  Practice  of  the  Electiic  Telegraph^ 
"  will  be  published.  The  author  is  Frank  L.  Pope,  widely 
"  known  as  a  clear-headed,  practical,  educated  expert.  He  has 
"devoted  to  the  work  great  labor,  and  has  illustrated  all  his 
**  topics,  which  were  susceptible  of  it,  by  elegantly  executed  en- 
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"  gravings,  or  cuts,  and  has  followed  exhaustively  in  his  usual 
"  clear  and  succinct  style  the  whole  of  the  practical  telegraphic 
"  operations." 

This  book  met  with  instant  favor  both  here  and  abroad,  was 
translated  into  foreign  languages,  and  up  to  the  present  time  has 
run  through  15  editions,  each  of  which  Mr.  Pope  enlarged  to 
fully  cover,  at  its  date  of  issue,  the  latest  developments  in  the  art. 

Mr.  Pope  resigned  his  position  with  the  Laws  Gold  and  Stock 
Reporting  Telegraph  in  July,  1869,  and  shortly  afterwards 
formed  a  partnership  with.  Thomas  A.  Edison  and  James  N. 
Ashley,  under  the  style  of  Pope,  Edison  &  Co.,  Electrical  En- 
gineers, with  offices  at  78  and  80  Broadway,  New  York.  The 
first  advertisement  of  this  firm  appeared  in  The  Telegrapher^ 
October  2,  1869,  and  its  object  was  stated  to  be,  to  give  profes- 
sional attention  to  a  variety  of  subjects,  involving  the  use  of 
electricity,  also  to  patent  applications,  drawings,  wood  engraving, 
etc.  Mr.  Ashley  was  at  that  time  editor  of  The  Telegrapher^  and 
Mr.  Edison,  in  March,  1809,  had  resigned  as  operator  in  the 
Western  Union  Telegraph  office  at  Cincinnati,  Ohio,  and  ac- 
cepted a  similar  position  with  the  same  company  in  Boston.  He 
had  about  this  time  invented  a  system  of  duplex  transmission 
described  and  illustrated  in  The  Telegrapher  on  April  11th,  and 
complete  sets  were  advertised  for  sale  by  Mr.  Edison  in  Decern- 
ber,  1868.  The  following  January  he  resigned  in  Boston,  and 
came  to  New  York  to  devote  himself  entirely  to  electrical  in- 
ventions and  became  Mr.  Pope's  partner  as  above  stated.  The 
firm,  after  a  brief  existence,  was  dissolved  in  1870,  as  was  natur- 
ally to  be  expected  by  those  who  knew  the  make-up  of  its  mem- 
bers. A  joiht  patent  on  a  single-wire  printer,  subsequently  sold 
to  tlie  Gold  and  Stock  Telegraph  Co.,  was  a  familiar  factor  in 
patent  litigation  where  it  was  generally  known  as  the  "  Pope  and 
Edison  patent."  The  inventive  genius  of  both  Messrs.  Pope 
and  Edison  led  them  into  the  same  field,  and  it  was  inevitable 
that  whatever  discoveries,  devices  or  suggestions  they  made, 
would  be  difficult  to  satisfactorily  allot. 

Mr.  Pope  from  this  time  on  continued  actively  engaged  in  in- 
ventions and  electrical  engineering.  He  secured  several  patents, 
the  majority  of  them  being  for  a  railroad  semaphore  block  signal 
system,  to  fill  a  great  need  upon  our  trunk  lines.  He  brought 
to  bear  on  this  important  subject  an  exhaustive  knowledge  of  it, 
together  with  good  practical  ideas,  reinforced  by  his  usual  ener- 
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^tic  application,  which  eventually  resulted  in  the  succeesful 
development  of  a  reliable  system. 

In  1875,  Mr.  Pope  was  appointed  patent  expert  and  counsellor 
of  the  Gold  and  Stock  Telegraph  Company,  and  shortly  after- 
wards to  a  similar  position  with  the  Western  Union  Telegraph 
Company. 

In  1880,  the  astounding  developments  in  the  introduction  of 
electricity  for  light,  power  and  heat,  and  to  various  other  im- 
portant uses,  attracted  capitalists  at  a  time  when  capital  was  plenty. 
Patents  in  this  branch  of  industry  were  being  issued  by  the 
thousand,  and  there  was  a  great  demand  for  expert  knowledge 
to  guide  and  protect  the  large  resulting  investments.  Realizing 
this  state  of  aflfairs,  Mr.  Pope  established  himself  as  a  patent 
lawyer,  solicitor  and  electrical  expert,  with  offices  at  32  Park 
Place,  New  York  City,  and  subsequently  at  59,  11,  and  15  Wall 
IStreet.  He  afterwards  formed  a  partnership  with  his  associates, 
whi^h  continued  under  different  firm  titles  until  18^4,  Mr.  Pope's 
name  appearing  always  as  senior  partner. 

Mr.  Pope  was  a  member  of  the  British  Institution  of  Electrical 
Engineers  ever  since  its  inception  in  1872,  also  one  of  the  first  Vice- 
Presidents,  and  the  second  President  of  the  American  Instfiutic 
OF  Electrical  Engineers.  He  was  also  elected  Vice-President 
of  the  American  Electrical  Society  of  Chicago,  in  1878,  and  dur- 
ing the  following  year  contributed  to  its  journal  the  ablest  and 
most  interesting  paper  upon  the  "  Life  and  Work  of  Joseph 
Henry,"  that  has  ever  appeared. 

In  this  admirable  tribute  to  Henry's  transcendent  genius  and 
spotless  character,  Mr.  Pope  says  : 

*'  There  is  to  me  a  singular  fascination  in  tracing  the  footsteps 
"  of  the  pioneers  of  science  and  discovery  ;  in  visiting  the  places 
**  which  nave  been  the  scenes  of  their  struggles,  their  disappoint- 
"  ments,  and  their  triumphs;  in  handling  the  crude  and  roughly 
**  fashioned  appamtns,  frequently  the  work  of  their  own  not  un- 
**  skillful  hands  ;  and  in  gathering  from  the  lips  of  eye-witnesses 
"  the  anecdotes  and  reminiscences  which  tell  the  story  of  their 
*'  lives,  and  work,  and  studies." 

"  With  such  thoughts  as  these,  I  found  myself  one  crisp,  clear 
*' autumn  day,  not  many  weeks  ago  (1878)  strolling  beneath  the 
"  venerable  elms  that  shade  the  campus,  and  droop  their  branches 
**  lovingly  over  and  around  the  classic  halls  of  Princeton." 

A  key  is  here  furnished  to  the  inspiration  of  so  many  of  Mr. 
Pope's  articles,  particularly  to  the  notable  one  in  the  Electrical 
Engineer  of  1891,  upon  "The  Inventors  of  the  Electric  Motor." 
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In  1884,  Mr.  Pope  secured  an  interest  in,  and  became  the 
editor  of  the  Electrician^  which  Was  started  in  1882.  He  changed 
its  name  to  The  Electrician  and  Electrical  Engineer^  and  con- 
tinued to  conduct  it  as  a  monthly  electrical  journal  until  1890* 
Before  retiring  from  its  active  management,  the  title  was  changed 
to  the  Electrical  Engineer^  and  it  was  soon  made  a  weekly.  He 
also  edited  the  electrical  department  of  the  Engineering  Maga- 
zine, His  very  last  literary  work  was  a  contribution  to  the  latter, 
on  the  "  Distribution  of  Electric  Power  at  Niagara."  He  left  the 
last  sheet  of  this  unfinished  article  in  his  typewriter  the  night 
before  he  died. 

In  his  professional  capacity  during  the  past  twenty  years,  he 
had  been  retained  by  some  of  the  largest  and  most  influential 
concerns  in  this  country,  among  them  the  Postal  Telegraph 
Company,  the  American  Bell  Telephone  Company  and  the 
Westinghouse  Electric  Company,  and  it  was  mainly  through  hi» 
investigations  and  recommendation,  that  the  latter  company  un- 
dertook the  exploitation  of  the  alternate  current  system,  now  so 
generally  in  use. 

In  the  fall  of  1894,  Mr.  Pope  made  an  important  change  in 
his  business  plans,  which  had  long  been  in  contemplation.  He 
had  several  years  before  acquired  the  title  of  the  homestead  at 
Great  Barrington,  and  at  considerable  expense  had  converted  the 
old  brick  house  built  in  1706  to  a  modem  country  mansion, 
which  he  named  Wainwright  Hall,  in  remembrance  of  his 
mother's  family  name,  and  the  former  owner  of  the  property. 
While  at  Great  Barrington  he  continued  to  serve  his  clients  in 
the  capacity  of  expert,  and  as  a  pastime  also  undertook  to  re- 
model  upon  the  best  engineering  lines  the  plant  of  the  Great 
Barrington  Electric  Light  Company,  utilizing  the  valuable  water 
power  of  the  Housatonic  river.  Of  this  important  work  a  most 
interesting  account  was  given  by  Mr.  Pope  in  a  paper  read  be- 
fore the  Amekican  Institute  of  Elkctrical  Engineers,  June 
26,  1895. 

It  is  not  too  much  to  say,  that  to  Mr.  Pope,  more  than  any 
other,  are  American  telegraphers  and  electricians  indebted  for 
free  enlightment  upon  subjects  in  which  they  were  naturally  in- 
terested, through  his  able  contributions  to  the  various  electrical 
and  scientific  journals,  encyclopaedias  and  magazines  of  this 
country. 

He  had  at  all   times  shown  the  greatest  interest  in  electrical 
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organizatioDs,  as  well  as  literature,  believing  thoroughly  in  the 
general  welfare  which  followed  the  exchange  of  ideas  throngh 
these  channels.  One  of  his  strongest  characteristics  was  his 
readiness  to  tender  his  advice  and  a  helping  hand  to  all  with 
whom  he  came  in  contact,  who  were  striving  to  acquire  knowU 
edge  in  the  electrical  field. 

In  1886  Mr.  Pope  prepared  for  the  Berkshire  (Massachusetts) 
Historical  Society,  of  which  he  was  a  member,  a  paper  on  the 
western  boundary  of  Massachusetts,  embracing  a  study  of  Indian 
and  colonial  history,  and  it  is  surprising  to  contemplate  the  pains- 
taking research  into  the  unpublished  manuscript  archives  of  the 
adjoining  states,  including  county  and  town  records,  and  the  im- 
mense labor  involved  in  the  compilation  of  such  a  valuable  his- 
tory which  is  highly  treasured  by  all  interested  persons. 

Although  firm  in  his  convictions  and  intrepid  in  his  statements^ 
Mr.  Pope  was  exceedingly  unassuming.  Above  his  intellectual 
attainments  and  skill,  his  integrity  towered  as  unyielding  as  an 
Egyptian  pyramid.  He  was  conscientious  and  painstaking.  To 
his  keeping,  his  clients  had  frequently  consigned  immense  confi- 
dential interests.  He  made  their  cause  his  own,  and  with  a  deep 
sense  of  responsibility,  spared  no  efforts  to  base  his  advice  or 
actiop,  upon  a  complete  knowledge  of  the  underlying  facts. 

His  electrical  library  was  one  of  the  best  in  this  country,  and 
his  untiring  industry  in  the  pursuit  of  knowledge  made  him  a 
frequent  visitor  to  many  of  our  similar  public  institutions. 

As  to  Mr.  Pope's  qualities  of  heart,  their  correct  exponent  is 
found  in  the  following  incident.  In  1881  one  of  his  former 
business  associates  died,  leaving  an  unprotected  young  daughter 
with  limited  means  to  face  the  world.  Mr.  Pope  immediately 
sought  the  young  lady  and  said  to  her:  "Your  father  was  my 
friend,  and  so  long  as  I  live,  I  shall  be  one  to  you."  It  is  need- 
less to  add  that  this  heaven-inspired  promise  was  nobly  kept. 

F.  W.  J. 

New  York,  February  7th.  1896. 
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6,  1887 

9,  1884 
6.  1885 


Electrical  Engineer,  Fairhaven  and  (  .  t^^.,  ,^  ,00^ 
WestvUle  I  k.  Co..  P.  O.  Box  ^  Nov.  „  89 
394,  New  Haven,  Conn.  (       ■'  *      ^ 


Darlington.  Frederic  W.     Consulting    Electrical   and   Me-  ( 


Davies,  John  E. 


Davis,  Charles  H . 


Davis,  Minor  M. 


chanical    Engineer.    907    Drexel  ^^  „  w^^' «' iS? 
Building.  I'hiladelphia;  Pa.  (  ^  N°'  *5.  1895 

^^^-  ]  M 


Professor  of  Physics,  University  of 
Wisconsin,  523  North  Carroll 
Madison,  Wis. 


Jan. 
Mar. 


7.  1S90 
18,  1890 


C.  E.^  Consulting  and  Constructing  En-  ( 

^neer,  99  Cedar  St..  576  Lex- I  A  Mar.  18,  1890 
ington  Ave.,  New  York  City,  and  }  M  June  17,  1890 
308  Walnut  St..  Philadelphia,  Pa.  ^ 

Ass't  Electrician.  Postal  Telegraph-  i  .  .  _  .,  ^  ,0-^ 
Cable  Co..  253  Broadway:  ^few  J  A-^P"^  ^*  ^^^ 
York  City 


■\^ 


May  16,  1893 


Dklafield,  A.  Floyd, /'A.  Z?.  Electrical  Engineer,    Noroton,  3  A  May     7,1889 
Conn.  {" 

Delany,  Patrick  Bernard    Inventor,  South  Orange  N.  J. 


M  Oct.     I,  1889 

J  A  April  19,  1884 
{  M  Nov.  24,  1 891 


Dickenson,  Samuel  S. 
Diehl,  Philip 

d'Infreville,  Georges 
Dion,  Alfred  A. 

Dodge,  Prof.  0.menzo  G. 
Doijer,  H. 
DoANE,  S.  Everett 


Sup't,  Commercial  Cable  Co.,  Ha- 
zel-Hill, Guysborough  Co..  N.  S. 


I'm 


Mar. 
Oct. 


6,  i88» 
I.  1889 


Inventor,   Singer  Sewing  Machine  (  .    ...         ^- 
Co..  «;o8  Morris  Ave..  Elizabeth. -^  ^  ^P"*  '5.  i»»4 

i  M  Dec.    9.  1884 


Co.,  508  Morris  Ave..  Elizabeth, 
N.J. 

Electrical  Engineer  and  Expert.  10  j 
Desbrosses  St.,  New  York  City.      \ 

General  Supt.,  The  Ottawa  Elec- 
tric Co  ,  72  Sparks  St..  OtUwa, 
Ont. 


A  Nov. 
M  Dec. 

A  Jan. 
M  Nov. 


I,  1887 

6,  1887 

7,  1890- 
15.  1893^ 


S.  Navy,    Navy   Dep't,  Wash- (  A  Sept.  20,  1893 
~    "  <  M  April  17,  1895 


,  U. 
ington,  D.  C. 

Consulting     Electrical     Engineer,  j  . 
8  Choorstraat.  Delft.  Holland.        { 

68  Park  PL.  Newark,  N.  J.  j  A  Aug.    6.  1889 

\  M  June  27.  1895 


A  Jan.     7. 
M  Mar.  18. 


1890 
1890 
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DoNNER,  William  H. 


Dow,  Alex 
Dudley,  Charles  B. 

Dunbar,  F.  W. 
Duncan,  Dr.  Louis 


Address.  Date  of  Membership. 

Eletrical  Eng^'g  Dept.  International  (  A  ^j^^  _«  _,j_^ 
Correspondence  bchool,  Scranton,  •?--  tl^^'  -*  ^^ 
Pa. 


M  Dec.  i6,  1890 


En{^eer,  Public  Lighting  Commis-  j  A  Sept.  20,  1893 
~        JMD€         -      " 


sion,  Detroit,  Mich. 


Dec.   18,  1895 


Chemist  and  Scientific  Expert,  (  .  ^  .  ,  ^^^ 
Penn.  R.  R.  Co.,  1219  Twelfth  ^  ^  ^^\;  '•  H^ 
Ave..  Altoona.  Pa.       .  (  ^  ^ov.  12,  1889 

417  West  23d  St.,  New  York  City,  j  A  Dec.  21,  1892 

i  M  May  16,  1893 


{President)  Johns  Hopkins  Univer- 
sity, residence,  139  E.  North  Ave. 
Baltimore,  Md. 


•■) 


A  July   12,  1887 
M  Sept.    6,  1887 


Dunn,  Gano  Sillick         Chief     Engineer,    Crocker-Wheeler  ( 

Electric  Co.,  Ampere,  E.  Orange,  f  A  April  21,  1891 
N.  J.  ;  residence,  223  Central  j  M  June  20,  1894 
Park,  West,  New  York  City.  \ 

DUNSTON,  RoBT.  Edward  The  Conland  and  Homer  Traction  j  A  Oct.  27,  1891 
Co.,  Cortland,  N.  Y.  {U  Feb.  16,  1892 

Dyer,  R.  N.  Patent  Attorney,  36  Wall  St.,  New  j  A  July    12.  1887 

York  City.  (  M  Sept.    6,  1887 

Edison,  Thomas  A.  Mechanician  and  Inventor,  Orange,  j  A  April  15,  1884 

N.  J.  I  M  Oct.    21,  1884 

Egger,  Ernst  Electrical  Engineer  care  of  B.  Egger  (  .   ^.     ^,    ,«^ 

&  Co,  X.  Simmeringstr,  187  J  ^  &.,  ^  '  l2! 
Vienna,  Austria.  (  ^  ^"-  "•  '^94 


Emery,  Charles  Edward  Consulting  Engineer,  915  Bennett 
Building,  cor.  Fulton  and  Nassau 
Sts.,  New  York  City. 


]« 


June  26,  I 891 
April  19,  1892 


Emmet,  W.  L.  R. 
Everest,  Augustine  R. 
Farnham,  Isaiah  H. 


Electrical  Engineer,  General  Electric  j  A  June    6,  1893 
Co.,  Schenectady,  N.  Y.  ]  M  Jan.    17,  1894 

Electrical    Engineer,  General  Elec- j  A  May    19,  1891 


trie  Co.,  Lynn,  Mass. 

Electrical  Engineer,  N.  E.  Tele- 
phone &  Telegraph  Co.,  125  Milk 
St.,  Boston,  Mass. 

Fessenden,  Reginald  A.  Professor  of  Electrical  Engineering, 
Western  University  of  Pennsyl- 
vania, Allegheny,  Pa. 


M  Dec.  20,  1893 

A  June    8,  1887 
M  July   12,  1887 

A  Oct.    21,  1890 
M  Dec.  16,  1890 


Field,  C.  J.,  M.  £. 

Field,  Stephen  D. 
Fish,  Walter  Clark 
Fitzmaurice,  James  S. 

Flack,  J.  Day 


Consulting  and  Construcring  En-  (  .  y.,^^  ^  ,9^^ 
gineer,  39  Cortlandt  Street,  New^  ^  J?°«  \  °^7 
York  City.  (  ^  ^°^-    *•  "^7 

Electrical  Engineer,  Stockbridge,  j  A  April  15,  1884 
Mass.  {  M  Oct.   21,  1884 

Manager  Lynn  Works,  General  Elec-  j  A  June  26,  1891 


trie  Co.,  Lynn,  Mass.  \  M  Feb.  26,  1896 

Chief  Engineer,  The  Electric  Light  | 
Branch,  210  George  St  ,  Sydney, 
N.  S.  W. 


"ji 


Sept.  20,  1893 
Mar.  21,  1894 


Consulting    Engineer,    1010    Have-  (  *    ^^i^      ,     ^^ 
meycr  Bldg. ;  residence,  252  West -^  ^^  m    '  «.*    q^ 
85th  St.,  l5ew  York  City.  (  ^  ^^^  "•  '^5 
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Name. 

Fleming,  Wilfrid  H. 
FosTBR,  Horatio  A. 


Address.  Date  of  Membership. 

70  W.  3d  St.,  Bayonne  City,  N.  J.    j  A  Dec.    6,  1887 

\  M  Jan.     3, 1888 

Electrical  Engineer,  13!  Swan  St.,  j  A  Tune    8,  1887 


Buffalo. 


Sept.   6,  1887 


Freeman,  Dr.  Frank  L.  Attoraey-at-Law.  Solicitor  of   Pat- 
ents. Electrical  Expert,  931  F  St, 
Washington,  D.  C. 


'Ma 


May 

Sept. 


7.  1889 
3.  1889 


Frbedman,  William  H.   Tutor    in    Electrical    Engineering,  ( 

SchoolofMtnes,CoIumbia College;  I  A  Mar.  18,  1890 
resideijce,  157  W.  119th  St.,  New  |  M  Dec.  18,  1895 
York  City.  t 


Gale,  Horace  B. 


Gardanier,  George  W. 


Garratt,  Allan  V. 


Geyer,  Dr.  Wm.  E. 


Consulting  Electrical  and  Mechan- 
ical Engineer,  12  West  31st  St., 
New  York  City. 

Assis't  Electrical  Engineer  Western 
Union  Telegraph  Co.,  195  Broad- 
way, New  York  City. 

Chief   Eneineei 
wheel 
shire 


A  Nov.  15,  189a 
M  May  16,  1893 


j  A  April  18,  I 
1  M  Jan.   22,  1 

Engineer.  Lombard  Water-  (  a  a  .,  _ 
I  Governor  Co.,  6r  Hamp--^Ci  m«  !' 
St..  Boston,  Mass.  *"|MMay     7.1 


893 
896 


889 
1889 


Stevens   Institute  of    Technology,  j  A  June    5.  1888 


Hoboken,  N.  J. 


M  Sept.   7,  1888 


Gharky,  William  David    Sup't    Underground  Cable  Con-  ( 

st ruction  and  Maintenance.  Phila- f  A  May  21,  1895 
delphia  Traction  Co.:  residence.  1  M  Feb.  26,1896 
Windsor  Hotel,  Philadelphia,  Pa.  ^ 


GiFFORD,  Clarence  E. 

Gray,  Dr.  Elisha 
Greene,  S.  Dana 


Electrical  Engineer,  .Supt.  James-  (  *  %;r  .^  -o  - 
town  Electric  Light  and  Power  |;J:^^y  J^'  «93 
Co.,  Jamestown.  N.  Y.  (  ^  ^«^-  *'»  '^94 

Electrician  and  Inventor,  Highland  j  A  Feb.  16,  1892 
Park,  111.  (  M  May   17,  189a 

Assistant  General  Manager.  General  j  A  Sept.  20,  1893 
Electric  Co.,  Schenectady,  N.  Y.  J  M  April  18,  1894 


Griscom, 


,  Wm.  W.,  M.A.  Electrical  Engineer.  224  Chestnut  (  .  y,,^^  ^  ^ 
St.,  Philadelphia;  residence,  \  ?:  {?'**  J.  i 
Kaverford,  Pa.  (  ^  ^*^-  '®»  ' 


888 
890 


Gutmann,  Ludwig 
Hall,  Clayton  C. 
Hall,  John  L. 

.  Hamblet,  James 
Hamilton,  Geo.  A. 


Electrical   Engineer,  410  La  Salle  j  A  Sept.  14,  1883 
Ave.,  Chicago,  111.  \  M  Mar.  21,  1898 


Civil    Engineer,    810 
Baltimore,  Md. 


Park 


Ave.,  jA  April  15,  1884 
^M  Oct.    21.  1884 

Manager,  Western  Union  Telegraph  (  .    g  - 

Co..  300  Market  St..  Wilmington,  j  ^  Sept.  22,  1891 

{Vice-President.)      Manager    Time  f 
Service.    W.    U.    Tel.   Co  ,    195  ' 
Broadway,  P.  O.  Box  856,  New 
York  City ;  residence,  20  Sidney 
Place,  Brooklyn,  N.  Y.  (^ 

{Treasurer.)    Electrician,    Western  f 
ElectricCo..22Thames,cor.Grcen- f  A  April  15,  1884 
wich  St.,    New  York  ;  residence,  1  M  Oct.   ai,  1884 
532  Morris  Ave ,  Elizabeth,  N.  J   1^ 


A  Nov. 
M  Dec. 


I,  1887 
6,  1887 
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Hammer,  William  J. 


Hartwell,  Arthur 


Haskins,  Caryl  D. 


IIaskins,  Charles  H. 


Addre<s. 


Date  of  Membership. 


(Manager.)  Consulting  and  Super- 
vising Electrical  Engineer.  1305 
Havemeyer  Building.  26  Cortlandt 
St.,  New  York  City;  residence, 
Elmora,  N.  J. 

Electrical  Engineer. 
Electric 
6804  McPherson 

Electrical  Engineer.  General  Electric 
Co.,  620  Atlantic  Ave.,  Boston, 
Mass. 


All 


unc    8,  1887 
uly   12,  1887 


Engineer.    Westingbouse  (  *    w ,^    ,^^^ 

and  Mfg  Co.;  residence.  \  ^  ^^  ]^'    f^t 
Pherson  St..Pittsburg,Pa.  (  ^  ^^^^  *°'  '^^5 

^  (a  Mar,  18. 
*  "j  M  June  20, 


Electrician,    70 
Buffalo.  N.  Y. 


i.inwood   Avenue, 


1890 
1894 


A  April  15.  1884 
M  Oct.    21,  1884 


Haskins,  Clark  Caryl    City  Electric  Light   Inspector.  582  j  A  Sept.  20,  1893. 
West  Congress  St.,  Chicago,  111.    \  M  Mar.  21,  1894 


Hasson,  W.  F.  C. 


Hayes,  Hammond  V. 


Hayes.  Harry  E. 


Haynes,  F.  T.  J. 


Heinrich,  Richard  O. 


( Vice-Prfsident.)  Firm  of  Hasson  & 
Hunt,  Consulting  and  Supervising 
Mechanical  and  Electrical  Engin- 
eers, 310  Pine  St., Telephone  5650, 
San  PVancisco,Cal. 

Electrician,    American    Bell    Tele 
phone  Co.,   42    Farnsworth   St 
So.  Boston   Mass. 


A  Mar.  18.  1890 
M  May  15,  1894 


A  Nov.  12,  i88g 
M  Mar.  18,  1890 


April  18,  1893. 
Dec.  20,  1893 


Asst.   Electrician,    American   Tele- 
graph  and   Telephone    Co.,    153^ 
Cedar  St.,  New  York  City. 

Divisional      Telegraph      Engineer,  f 
Great    Western    Railway.    Resi- 1  A  Dec.     6.  1886- 
dence,    Belmont    Villa,   Cheddoni  M  Jan.     3,  1887 
Road,  Tauntpn,  Eng.  l^ 


Electrical  Engineer,  Weston  Elec- 
trical Instrument  Co.,  114  William 
St.,  Newark.  N.  J. 


1« 


Oct.     I,  1889^ 
Oct.   25,  1892 


Henshaw,  Frederick  V. 


Hering,  Carl 


Hering,  Hermann  S. 


Herrick,  Charles  H. 


Downes  &    Henshaw,    Consulting  f 
Electrical  and  Mechanical  Engin-j  A  Feb.     5,  1889- 
eers.86Weybosset St., Providence,  I  M  Nov.  20,  1895 
R.  1.  I 

(Manager.)    Consulting     Electrical  ( 
Engineer,  927  Chestnut  St.;  resi- J  A  Jan.     3, 
dence  124  E.  Mt.  Pleasant  Ave.,  )  M  June    5, 
Philadelphia,  Pa.  (, 

Associate  in    Electrical    Engineer-  f 
ing,  Johns    Hopkins   University,  J  A  April  21, 


residence,  1809  Park  Ave.,  Balti- 
more, Md. 

Consulting  and  Constructing  Elec- 
trical  Engineer,    133  Oliver   St.,  J 
Boston;  residence.  22  Herrick  St., 
Winchester,  Mass. 


i88» 
1 88a 


1891 


April  18,  1893. 


A  April  21,  1891 
M  Jan.   17.  1893. 


Herzog,  F.  Benedict,    Ph.D.    President,  Herzog  Teleseme  j  A  May  24,1887 
Co.,'55  Broadway,  New  York  City  {  M  July    12    1887 


Hewitt,  Charles 


(Manager^)  Assistant  Engineer,  ( 
Philadelphia  Traction  Co.,  920^ 
Spruce  St.,  Philadelphia,  Pa.  | 


A  Sept.  16,  iSqo- 
M  May  17.  I89^ 
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HiBBARD,  Angus  S. 


HiGGiNS,  Edward  E. 
Hix.  E.  Randolph 


Address.  Date  of  Membership. 

(  F»V^'-/*r^jt</.f»/.)  General  Manager,  (.    ^ 

M  Feb. 


Chicago      Telephone     Co.,     203 
Washington  St.,  Chicago,  111. 

Editor,  Street  Railway  Journal^  26  j  A  June 
Cortlandt  St.,  New  York  City.       (  M  July 

Hix,    Hamilton   &    Co.,   Electrical  (  .    p  . 
Engineers    and    Contractors,    41  -{  m  ir  k' 
Wall  St.,  New  York  City.  (  M  i-eD. 


24.  I 89 I 
16,  1892 


8.  1887 
12,  1887 


1894 
1895 


Holmes,  Franklin  S.      Electrical  Engineer,  108  Fulton  St.,  (  a    a     m  «.   ,0  . 
New  York  C,tv:    residence     aakA  ^.  AP"^  ^'^  >?9I 


Houston,  Edwin  J.,  Fh, 

[Life  Member.] 


Howell,  John  W. 
Howell,  Wilson  S. 

Hunter,  Rudolph  M. 

Hunting,  Fred  S. 


New  York  City;  residence  445a  K  Cr  C;P"*  ;*•  \^\ 
Macon  St.,  Brooklyn,  N.  Y.  (  ^  J"°«  ^^'  '^94 

Z>.  (Past  President.)  Prof  of  Physics,  f 

Franklin  Inst.,  Firm  of  Houston  I  *  *^  .,  ,^  ,qo^ 
&  Kennelly,  1105  Betz  Bldg.;  resi-^  ^  ^P"»  \\  ||J 
dence.  1809  Spring  Garden  St..  •  ^  ^^^*  ''»  "*'♦ 
Philadelphia,  Pa.  I 

Electrician,  761  High  St., 
N.J. 


Newark,  \  A  July   12,  1887 
M  June     5.  1888 


1889 
1890 


General  Electric  Lamp  Works,  Har-  (  a   c-  ♦ 
rison,  N.J.:  residence,  19  Webster-^  V:  XZ^^'    3. 
Place,  Orange,  N.J.  ]  M  Mar.  18. 

Expert    and    Counsellor  in   Patent  (  a    t  1      »^    «QaA 


Chief  Engineer,  Fort  Wa3me  Elec- 
tric Co.,  330  West  Washington 
St..  Fort  Wayne,  Ind. 

Hutchinson,  Dr,  Cary  T.  {Manager.)  Electrical  Engineer, 
253  Broadway:  residence,  56  W. 
25th  St.,  New  York  City. 

Ass't  Treasurer,  The  Springfield 
Steam  Power  Co.,  Wason  Bldg. 
Springfield,  Mass. 


A  Nov.  15, 
M  May  16, 


1892 
1893 


A  Feb.     7,  1890 
M  Dec.  16,  1890 


Hyde,  Jerome  W. 


A  June 
M  Nov. 


8,  1887 
I,  1887 


Inrig,  Alec  Gavan 
Ives,  Edward  B. 
Jackson,  Dugald  C. 

Jackson.  Francis  E. 

Jackson,  Henry 

Jackson,  J.  P. 
Jannus,  Frankland 


Globe  Electrical  Co..  44  White  Post  (  A  Jan.    19,  1892 
Lane,  Victoria  Park,  London,  Eng.  j  M  May  17,  1892 


West  139th  St.  and  Grand  Boule- 
vard, New  York  City. 

Professor  of  Electrical  Engineering. 
University  of  Wisconsin,  Madi- 
son, Wis. 


j  A  April    2,  1889 
(  M  May   15,  1894 

A  May     3,  1887 
M  June  17,  1890 

Aylsworth  &  Jackson,  Incandescent  ( 
Filament      Manutacturers.       128  J  A  Jan.      3.1888 
P'ssexAve  ,  Orange;  residence,  61 1  M  June  17,  1890 
South  Grove  St.,  East  Orange,  N.J.  |^ 

Telegraph  Supt.  and  Engineer,  The  ( 

Lancashire  &  Yorkshire  Railway  J  A  Mar.  21,  1894 
Co.,  Horwich,  Bolton-le  Moors,  1  M  Dec.  19,  1894 
Lancashire,  England.  (^ 


Professor  of  Electrical  Engineering, 
Penn.   State  College.  State 
lege.  Pa. 


•ing.  ( 
Col. -^ 


A  Sept.  27,  1892 
M  Jan.    17,  1894 


Attorney-at-I^w,  .Solicitor  of 
tents,  928-30  F.  St  ,  N. 
Washington,  D.  C. 


\. 


y^'  )  A  Nov.  12,  1889 
^•1  M  Mar.  18.  1890 
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Name. 

Jehl,  Francis 
Jenks,  W.  J. 


Adflreffs.  Dace  of  Membenhip. 

Representative,  F.Hardtroutb  &  Co ,  j  A  June  27,  1895 

60  Liberty  St.,  New  York  City.      (  M  Jan.    22.  1896 


Patent  Department.  General  Elec-  (  a    , 
trie   Co..   4^    Broad   Street,    Box-^f^-lr"; 
3067.  New  York  City.  |  M  iMov. 


8,  1887 
1.  1887 


Johnston,  A.  Langstaff  Chief  Engineer,  Richmond  Traction 
Co..  1112  E.  Main  St.,  Richmond, 
Va. 


.  April  21,  1891 
■  April  18,  1894 


Jones,  Francis  Wiley 

[Life  Member.l 


Keith,  Dr.  Nathaniel  S. 


Kimball,  Dr.  Alonzo  S. 


Assistant  Geh'l  Manager  and  Elec- 
trician,   Postal    Telegraph-Cable  J 
Co.,    253   Broadway,   New  York  | 
City. 

Sandycroft  Foundry.  E.  W.  Co.. 
Ha  warden,  near  Chester,  Eng. 

Professor  of  Physics,  and  Electrical  (  .    « 
Engineering,  Worcester  Polytech-  \  V.  rf P;" 
nic  Institute,  Worcester,  Mass.       (  * 


A  April  15,  1884 
M  Oct.   21,  1884 

i  A  June     6,  1893. 
\  M  Jan.    17,  1894 


188^ 
1895 


Kinsman,  Frank  E. 
Knowles,  Edward  R. 

Knudson,  a.  a. 
Lange,  Philip  A. 

Langton,  John 

La  Roche,  Fred.  A. 

Lattig.  J.  W. 

Lawson,  A.  J. 

Lemp,  Hermann,  Jr. 
Leonard,  H.  Ward 
Leonard,  M.  B. 


Electrical  Engineer,  66  Broadway,  (  .  o^.  __  ,«  . 
New  York  City;  residence.  Plain--]  ^  ^^  ^J.  189^ 
field,  N.  J.  (  ^  ^*y  '^'  '^^ 


E.  E.,  C.  E.    General  Manager,  Elec 
tncal  Dep't  ,   Blake  &  Williams, 
362   West  Broadway,  New  York;^ 
residence,   36  Cambridge    Place, 
Brooklyn.  N.  Y. 

Electrical   Engineer,   688a   Greene 
Ave.,  Brooklyn,  N.  Y. 


A  June 
M  July 


8,  1887 
12,  1887 


(AE 

Imj 


Dec. 
an. 


6,  1887 
3,  188& 

6.  t88S 

5,  1888^ 

6,  1888' 
5,  1888^ 


Superintendent  Westirtghouse  Elec-  (  .    vfar 
trie  and  Manufacturing  Co.,  East-?  V,  , 
Pittsburg,  Pa.  ]MJune 

Electrical    Engineer,   Canada   Life  (  ^  w 
Building.    Toronto,  Ont.,  and  29-^  V>  V»t!l' 
Broadway.  New  York,  N.  Y.  (  ^  J""^ 

Vice-President  and  General  Mana-  f 
ger,New  York  Electric  Equipment] 
Co.,  572  First  Ave.,  residence,  28 1 
W.  25th  St.,  New  York.  I 

Electrical  Engineer,  Supt.  of  Tele-  | 
graph  and    Electrical  Apparatus, 
Lehigh   Valley    R.    R.    Co..    So.- 
Bethlehem,    Pa.;    residence,    335 
Broad  St.,  West  Bethlehem,  Pa 

Electrical    Engineer,    The    County  ( 
of  London  and  Brush  Provincial  J  A  Mar.  18,  1890 
Elccrtic   Lighting  Co..  Ltd..   49 1  M  June  17,  1890- 
Queen  Victoria  St..  London,  Eng.  [ 

Electrician,       Thomson      Electric  j  A  April    2,1889 
Welding  Co.,  Lynn,  Mass.  \  M  Feb.  21,  1893 

Electrical  Engineer,   East  Orange,  j  A  July    12,  1887 
N.  J.  "}  M  ticpt.    6,  1887 

Electrical  Engineer,  and  Supt.  of  ( 
Telegraph.   Chesapeake    &   Ohio  •!  . ,  ,, 
R  y.  Co  ,  Richmond,  Va.  /  ^  ^^^ 


A  Sept.  19,  1894 
M  Nov.  20,  189s 


A  June     8,  1887 
M  July   12,  1887 


fticpt. 
I  A  Nov. 


6,  T886 
I,  1888^ 
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Name. 
LiEB,  John  W.,  Jr. 


Sdison  (  . 
:ity.      r 


Sept. 
Nov. 


6,  1887 
I,  1887 


Address.  Date  of  Membenhip. 

Ass*t    General     Manag^er,     Edison 
Electric  111.  Co.;  Residence, 
West  g7th  St.,  New  York  City. 

District  Enjfineer,  General  Electric  (  a    p.^,     «.    .o^* 
Co..  ,5  Fin«  S,.,  San  FraBcisco.  j  ^  ^eb.,  fj;  j|W 

General  Manager,  Electrical  Engin-  C 
eer  and    Chemist.    The    Electric!  A  June  20,  1894 
Storage  Battery  Co.,  Drexel  Bldg.,  |  M  May  2r,  1895 
Philadelphia,  Pa.  [ 

Electrician,  27  Pine  St. ;  residence,  j  A  Oct.    21,  1890 
I  West  39ih  St  .  New  York  City.  ]  M  Nov.  15,  1893 

Lock  WOOD  Thomas  D.,/*.  /.  /fisf.    Electrical  Engineer,  and  ^^  ^    .j        ^gg 


LiGHTHiPE,  James  A. 


Lloyd,  Herbert 


Lloyd,  Robert  McA. 


[Life  Member.] 

Lorrain,  James  Grieve 
lovejoy,  j.  r. 


Advisory  Electrician,  P.O.  Drawer 
2,  Boston,  Mass. 


1« 


Oct.  21,  1884 


Norfolk  House,  Norfolk  St..  Lon- j  A  May  16.  1891 


don,  W.  C.  England. 


General  Manager,  Supply  Dept., 
General  Electric  Co.,  Schenec 
tady,  N.  Y. 

Macfarlane,  Alexander,  Z>.  5r.,  LL.D.  Professor  in  Elec 


M  May  15,  1894 

A  April  21,  1891 
M  Feb.  21,  1894 


Irical  Engineering,  Lehigh   Uni-^^J^^jJ^   J^.  '89a 
versity,  South  Bethlehem.  Pa-         /  ^  ^^^   ^^'  ^^^^ 


Mailloux.  C.  O. 


n  Elec-  ( 
h  Uni- -^^ 

Pa.    r 

Consulting  Electrical  Engineer,  (  *  a„..;i,-  ,00^ 
150  Nassau  St.,  Telephone  39^5  ]  ^  qT  ii*  ilsl 
Cortlandt.  New  York  City.  (  ^  ^^^'   ^^*  ^®^^ 


Mansfield,  Arthur  Newhall  Assistant  Electrician,  Ameri- 
can Telephone  and  Telegraph  Co. , 
153  Cedar  St.,  New  York  City. 


A  Dec.  20,  1893 
M  June  20,  1894 


A  May  20,  1890 
M  Jan.   16,  1895 


Marks,  Louis  B.,  M,  M.  E,    Treasurer  and  Electrician,  The 
Electric  Arc  Light  Co  ,  73  Watts  ^ 
St.;  residence,  51  East  67th  St..  1 
New  York  City. 

Marks,  William  Dennis,  Ph.B.    C.    E,     Edison    Electric  j  A  Feb.     7.  1888 
Light  Co.,  Philadelphia,  Pa.  (  M  May     i.  1888 

Metuchen,  N.  J.  (A  Oct.      i,  1889 

\  M  Nov.  12,  1889 
Electrician,  16 Oak  St.,  Newark,  N.  (  .   ^  ^ 

i^ii^^'KfL^!^!^';!^!?":^^"!.?;"^^^    m  nov.  Vo,  is^ 


Marshall.  J.  T. 
Martin,  Jilius 


Marvin,  Harry  N. 


Mayer,  Willia.m,  Jr. 


Mayer,  George  M. 


Maynard,  Geo.  C. 


McCay,  H.  Kent 


bept..  New  York  Navy  Yard.         ( 

Electrical  Engineer  and  Manager,  (  .  .  ^  .,  ,^  ,«^^ 
Marvin  Electric  Drill  Co..  Canas-  \Z  fP"'  J^.  "92 
tota,  N.Y.  I^J^"-    ^7.1893 

Electrical   Expert    and   Consulting  ( 
Electrical  Engineer,  31  NassauSt..  j  A  July   12,  1887 
New  York   City;   residence,  227  [  M  April  21,  1891 
Arlington  Ave.  Jersey  City,  N.  J.  [ 

Enterprise  Block,  5th  Floor,  79  j  A  Dec.  16,  1890 
Fifth  Ave.,  Chicago,  111.  {  M  June  20,  1894 

Electrical  Engineer,  800  \\.  St.,  N.  j  A  April  15,  1884 
W.,  Washington,  D.  C.  <  M  Dec.     9.  1888 


Electrical  Engineer  and  Contractor, 
106  E.  German  St.,  Baltimore, 
Md. 


I  A  Sept.  16,  1890 
M  May   19,  1891 
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MBMBISWS 


Name. 
McCluer.  C.  E. 


McCrossan,  J.  A. 

Mbrshon,  Ralph  D. 
Metcalfe,  George  R. 
MiLLis,  John- 
Mills,  Frank  P. 
Mlx.  Edgar  W. 

molera,  e.  j. 
Moore,  D.  McFarlan 


^^JM 


Address.  Date  of  Membenbip. 

Superintendent,  First  District,  So.  (  *  w^^  __  ,-  _ 
Bell  Telephone  and  Telegraph  ^  ^^  J"^*^*  •;»  Ij^f 
Co.,  P.  O.  Box  32.  RicbmonJ.  Va.  \  ^  J*"'    '7.  i^A 

Manager  and  Electrician.  Citizens' 
Telephone  and  Electric  C'o.,  Rat 
Portage,  Ont. 

Electrical   Engineer,    Westinghouse  (AN 
Elec.  and  Mfg.  Co.  Pittsburg,  Pa.  \  M  J; 

136  Liberty  Street;  residence,  404!  A  April  19,  189a 
West  22d  St.,  ^ewYork  City.         \  M  Nov.  15,  189a 

Captain  of  Engineers  U.  S.  A.,  The  (  .    »  . 
Lighthouse   Board.    Washington,  <  ^  y^J^     '' 


Oct. 
Dec. 

Mar. 
Jan. 


D.  C. 

Superintendent      Cleveland      Ironj  A  Jan. 
Mining  Co.,  Ishpeming,  Mich.      /  M  Mar. 

Electrician,  with  Thomson- Houston 
International  Electric  Co  ,  27  Rue 
de  Londres,  Paris.  France. 


18,  1893 
18,  189s 

20,  1895 
22,  1896 


1884 
1885 


6,  1885 
3»  1885 


JA  .Sept. 
1 M  Mar. 


1889 
i8(,5 


Civil  Engineer,  606  Clay  St.,  San  j  A  Jan.    16,  1892 
Francisco,  Cal.  /  M  June     7,  1892 

Inventor,    Moore  Electrical  Co.,  52  (A  Dec.  20.  1893 
Lawrence  St.,  Newark,  N.  J.  |  M  June  20,  1894 


52  (A  E 
Morrow,  John  Thomas  Supt.  Electrolytic  Plant,  Boston  and  ( 


Neilkr,  Samuel  G. 


Montana  Consolidated  Copper  and  I  A  Dec.  21,  1892 
Silver  Mining  Co.,  Great  Falls.  1  M  April  18,  1894 
Mont.  1^ 

Ass't  Electrical  Engineer.  Pierce  &(aa^i-o-o^. 
Richardson,      1409      ManhatUn  j  ^  ^^  Jg*  J|^J 


1409 
Building,  Chicago,  III. 


Nichols,  Dr.  Edward  L.  Professor    of     Physics,     Cornell  j  / 
University,  Ithaca,  N.  Y.  ]  ^ 


A  Oct, 
M  Dec. 


1887 
1887 


Noll,  Augustus 


NuNN,  Paul  N. 


O'Connell.  Joseph  J. 


OuDiN,  Maurick 


Paine,  F.  B,  H. 


Paine,  Sidney  B. 


Contracting  Electrical   Engineer,  8 
East    17th    St.,    Telephone     ' 
i8th;  New  Vork  City. 


■"!|a 


Sept.  27,  1892 
April  t8,  1893 


Consulting   Engineer.   San    Miguel  (  .    Anril  ii    i8oc 
Cons.  Gold  Mining  Co  ,  Telluride.  \  ^  pP"*  *^'  ^^ 


Colo. 


■|M 


Telephone  Engineer,  Chicago  Tele-  (  a  q..  ._  ,0^ 
phone  Co..  Residence,  76  Eugene-^  ^i  iS^^i  ol'  !«^ 
St.,  Chicago.  III.  ^        I  M  Nov.  20,  1895 

Electrical  Engineer.  General  Electric  j  A  June  20.  1894 
Co  ,  Schenectady,  N.  Y.  J  M  Nov.  20.  1895 


Westinghouse  Electric  and  Mfg. 
Co  ,  328  Exchange  Building,  Bos- 
ton, Mass. 


A  Dec.  16,  1890 
M  Nov.  25,  1891 


General 
St 


Electric  Co.,  180  Summer 
Boston,  Mass. 


8,  1887 
I,  1887 


Parks,  C.  Wellman  1825  Fifth  Ave.,  Troy,  N.  Y. 


PARSHALL,   H.   F. 


Electrical  Engineer,  British  Thom- 
son-Houston, Ltd.,  38  Parliament 
St.,  Westminster,  London,  Eng. 


A  June 
M  Nov. 


jA  July   12,  1887 
(  M  May     i,  1888 

A  Sept.    7,  1888 
M  Mar.  18,  1890 
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rATTisoN.  Frank  A. 


Pearson,  F.  S. 
Perot,  L.  Knowles 


Address.  *  Dateol  Membership. 

Firm  of  Pattisoo  Bros,  Consulting  f 
and  Construcling  Electrical  En- J  A  Sept.  22,  1891 

fineers.    136    i.iberty    St.,   New  (  M  Dec.  16,  1891 
'ork  City.  L 

Engineer,    Room   841,  621   Broad-  j  A  Oct.   25,  1892 
way.  New  York  City.  / 1 '       " 

Vice-  President  and  Manager.  Schuyl- 
kill Valley  Illuminating  Co.,  Phoe- 
nixville,  Pa. 

Perrine,  Frederic  A.  C,  D.  Sc,    Professor  of  Electrical  En- 
gineering. Leland   Stanford,  Jr.,  - 
University,  Palo  Alto.  Cal. 

Perry,  Nelson  W..  E.  M.,  Electrical  Engineer.  6  Park  Place, 
N.  V.  City:  residence,  18  Sidney 
Place,  Brooklyn.  N.  Y. 

Chief  Engineer.  Amer.  Tel.  &  Tel.  (  *   u-  u      m   to^v^ 
Co..   .5,  Cedar  St..   New   York  j  ^  Feb.  j.  ,890 

Pierce  &  Richardson,  Electrical  En-  ( 
gineers,  1409  and  1410  Manhattan  1  A  April  18,  1893 
Bldg.,  Chicago:   residence.  5434  |  M  Dec.  20,  1893 
Monroe  Ave.,  Hyde  Park,  III.         \ 


PlCKERNELL,  F.  A. 


Pierce,  Richard  H. 


JM  Feb.  21,  1893 

A  Mar.   15,  1892 
M  Dec.  18,  1895 

A  Sept.  16,  1890 
M  Dec.  16,  1890 

A  May  17,  1892 
M  Mar.  21,  1893 


Pike,  Clayton  W.,  B.S. 

Porter,  J.  F. 
Powell,  William  H. 
Pratt,  Robert  J. 
Puffer,  Wm.  L. 

Rae.  Frank  B. 
Reber,  Samukl 


Electrical  Engineer,  Falkenau  En-  (An         a   «& 
gineering  Co.,  711  Reading  Ter -^  f^  Jc^f*  '^  "^J 
minal.  Philadelphia,  Pa.  ]  ^  ^^^-    ^5.  189a 

Manager.  Alton  Electric  Street  Rail-  j  A  Sept.    6,  1887 
/  M  Nov.     I,  1887 


road  Co..  Alton,  III. 

Electrical     Engineer,  53   Oak  St., 
Hartford,  Ct. 

Greenbush,  N.  Y. 


(A  June  17,  1890 
{  M  Mar.  20,  1893 

jA  July   12,  1887 
\  M  Sept.   6,  1887 
Assistant  Professor  of  Electrical  En-  f 

gineering,  Mass.  Institute  of  Tech- J  A  Dec.  20,  1893 
nology,  Boston;  residence.  West  |  M  April  17,  1895 
Newton,  Mass.  y 

Electrical  Engineer,  1109  Fort  (  .  a_-;i 
Dearborn  Bldg.,  134  Monroe  St.,  -^  fV  V^l^ 
Chicago.  111.  (  ^  ^^^• 


15.  1884 
25,  1892 


Lieut.  Signal  Corps,  U.  S  Army, 
Care  of  Chief  Signal  Officer  U.  S. 
A.,  Washington.  D.  C. 


A  Sept.  20,  1893 
M  Jan.   22,  1896 


Reckenzaun,  Frederick,    Electrical  Engineer,  44  Pine  St.,  J 
New  York  City.  ( 

Designing  Engineer,  General  Elec- 
tric   Co.,    5    South    Church   St 
Schenectady,  N.  Y. 

Technical    Director,   The    General  j  A  Dec. 
Electric  Co.,  Schenectady,  N.  Y.  |  M  Jan. 

Electrical   Engineer  and   Inventor; 
residenc,  1919    Druid    Hill  Ave 
Baltimore.  Md. 


A  Mar.    6,  1888 
M  June    5,  1888 


Re  I  ST,  Henry  G. 

Rice,  E.  Wilbur,  Jr. 
RiES,  Elias  E. 


••1m 


'•! 


June  17, 1890 
Dec,  19,  1894 


6.  1887 
3,  1888 


A  July   12.  1887 
M  Sept.    6,  1887 


RiKER,  Andrew  L. 

[Ufe  Member.] 


Electrical  Engineer,  The  Riker  Elec- 
tric Motor  Co  ,  45  York  .St.,  Brook- 
lyn; residence,   Stamford,  Conn. 


A  Nov. 
MDec. 


I,  1887 
18,  1895 
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Name. 

RoBB,  Russell 
RoBB,  Wm.  Lispknard 
Roberts,  E.  P. 


RoDGERS,  Howard  S. 


RoHRER,  Albert  L. 


Ross,  Norman 


Ross,  Robert  A. 


Address.  Date  of  Membership. 

With  Stone  &  Webster.  4  Post  Office  (  A  Oct.    18,  1893 
Square,  Boston,  Mass.  (  M  May  21,  1895 

Professor  of  Physics.  Trinity  Col-  \  A  Dec.   16.  1891 
lege.  Hartford,  Conn.  ")  M  Mar.  15,  1892 

E.  P.  Roberts  &  Co..  Electrical  and  ( 
Mechanical   Engineers,    Brainard  J  A  Jan.     6.  1885 
Block,  Telephone  2656,  Cleveland.  1  M  Feb.     3,  1885 
O.  t 

Electrical  Engineer,  care  General 
Electric  Co.,  264  W.  4th  Street. 
Cincinnati,  O. 


■'1 


A  Sept.  27.  1892 
M  May  16.  1893 


Electrical   Engineer,   with   General  jA  Nov. 
Electric  Co.,  Schenectady,  N.  Y.  (M  May 


I.  1887 
I.  1888 


Assistant  Works  Engineer,  Cana- 1 
dian  General  Electric  Co. ,  Peter  -^ 
boro,  Ont.  | 


A  Sept   20,  1893 
M  Nov.  21.  1894 


Electrical  Engineer,  Royal  Electric  j  A  Sept.  27.  1892 
Co..  94  Queen  St.,  Montreal,  P.  Q.  ]  M  April  18.  1893 


RouQUEiTE,  William  F.  B. 


Proprietor.    Rouquette  &  Co.,  j  A  Mar.  21,  1894 

-    -    -  1m~ 


47  Dey  St.,  New  York  City. 


Dec.  19,  1894 


Ryan,  Harris,  J. 


(Manager.)   Professor  of   Electrical  (  .    ^_    ,  ^    ^^^^ 
Engmeering,  Cornell  University,  j^  Ort.^  ^4.  .887 


Ithaca,  N.  V. 


Salomons,  Sir  David  Lionel,  Bart.   M.  A.,  Engineer  and  ( 


[Life  Member] 

Sands.  H.  S. 
Sargent,  W,  D. 

SCHEFFLER,  FrED.  A. 

ScHMiD,  Albert 
Scott,  Charles  F. 

Shallenberger,  O.  B. 

Shaw,  Edwin  C. 
Shea,  Daniel  W. 

Sheble,  Franklin 


Barrister.  Broomhill,  Tunbridge  I  A  Feb.  7, 
Wells,  Kent,  and  49  Grosvenor  j  M*May  1, 
St..  London,  W.  England.  [ 


1888 
1888 


Consulting  and  Constructing  Electri- 
cal Engineer,  Feabody  Building, 
Wheeling.  W.  Va. 


General   Manager,  N.  Y.  &  N 
Tel.  Co.,  16  Smith  St..  Brooklyn 
N.  Y. 


^^1 


A  Feb.  21,  1893 
M  Nov.  21.  1994 


A  April  15.  1884. 
M  Feb.  21,  1994 


Stirling    Boiler    Co..    126   Liberty  (  »  *, ,^    ,o^« 

Street.  New  York  City;  residence.  \  ^  ^/J    '^'  'J^ 
Passaic,  N.  J.  P  J*"'    ^^*  '®^ 

Superintendent,  Westinghouse  Elec- (  A  Oct.  21,  189a 
trie  and  Mf^.  Co.,  Pittsburg,  Pa.  \  M  April  17.  1895 


{Afanager.)  Chief  Electrician,  West- 
inghouse Electric  and  Mfg.  Co, 
Pittsburg,  Pa. 


t-  f 

J  A  April  19,  1 

••  |M  Jan.    17.  I 


S92 
893 


Consulting  Electrician,  Westing-  (  a  c*  ♦  -.  raaa 
house  Electric  and  Mfg.  Co.,-^^5fP  !'  Jwa 
of  Pittsburg;  Rochester.  Pa.  (  ^  ^^^*     ^'  "** 

Manager,    Akron    General   Electric  j  A  May  17,  1892^ 

(M  Feb.  27,  1895 


Co..  Akron.  O. 

Professor  of  Physics,  Catholic  Uni- 
versity of  America.  Washington, 
D.  C 

Sheble  &  Patton,  Ltd..  1026  Filbert  j  A  Oct.    21.  1890- 
St..  Philadelphia,  Pa.  {  M  Dec.   18.  189s 


-JAX 


Dec.  20,  1893 
"une  20,  1894 
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Sheldon,  Samuel,  A.  M,,  Ph.D.    Professor  of  Physics  and  ( 

Electrical  Engineering^.  Polytech- 1  A  Dec.  i6,  1890 
nic  Institute,  170  SuteSt.,  Brook- |  M  Oct.  27,  1891 
lyn,  N.  Y.  t 

Shepard,  Wm.  E.  Stcinway  Railway  Co.,  Long  Island  j  A  Feb.     7,  1890 

City.  N.  Y.  ( M  Mar.  18,  1890 

Shepardson,  Gf.orge  D.  Professor  of  Electrical  Engineering,  (  .   ...         ^ 

University  of  Minnesou,  Minne.j  ^  jP^*  ^J;  J|^ 


Sinclair,  II.  A. 


Slater,  Henry  B. 


Smith,  Frank  Stuart 


Smith,  Jesse  M. 


Smith,  T.  Carpenter 


Spaulding,  Hollon  C. 


Sperry,  Elmer  A. 


Standford,  William 


apolis,  Minn 
Electrical    Engineer, 


The    Tucker  (  .  ».,„.   „   ,0^ 
Electric  Co.;  950  Bedford  Ave.,^^J;?°*   ^7.  1890 


M  Feb.   26,  1896 


i" 


April  15,  1884 
Dec.     9,  1884 


Brooklyn,  N.  Y. 

Vice-President  and  Manager,  The 
Canon  City  Electric  Light  and 
Power  Co.,  Canon  City,  Col. 

Supt.  Lamp  Factory,  Westing- 
house  Electric  &  Mfg.  Co.,  Pitts- 
burg, Pa. 

Expert  in  Patent  Causes,  Consulting  ( 
Electrical  and  Mechanical  Engi- f  A  April  15,  1884 
neer,  36   Moffat   Block,    Detroit,  1  M  June  26,  1891 
Mich.  L 


A  Sept.  27,  1892 
M  April  18,  1893 


Mechanical  and  Electrical  Engineer, 
212  Drexel  Building,  Philadelphia, 
Pa. 


A  Oct.   27,  1891 
M  Dec.  16,  i89r 


Electrical  Engineer,  93  Liberty  St.,  j  A  April  21,  1891 

(MJu 


New  York  City. 


June  20,  1894 


Electrical  Engineer,  Sperry  Electric  (  .  .^,.,  ,^  ,0^^ 
Railway  Co..  Mason  and  Belden  {t^ll"^  i?*  l^^l 
Sts..  Cleveland,  O.  ]Mteb.  21,1893 


A  Oct. 
M  Dec. 


4,  1887 
6,  1887 


Asst.  Supt.  Telegraphs.  Colonial 
Govt.,  Cape  Town,  Cape  of  Good 
Hope,  Africa. 

Stearns,  Charles  K.E.E.  Ass't  Supervising, Electrical  Engin-  ( 

eer,  N.  Y.  N.  H.  and  H.  R.  R.  f  A  Aug.  6,  1889. 
Kneeland  St.,  Station,  Boston,  j  M  May  16,  1893- 
Mass.  t 

Treasurer.   Mountain    Electric  Co.,  j  A  June  20,  1894 


Stearns,  Joel  W.,  Jr. 
Sterbins,  Theodore 


Box  1545,  Denver,  Col. 


M  Nov.  20,  1895 


A  July      9,  1889 
M  June  17,  1890 


Steinmetz,  Charles  P. 
Stephens,  George 
Stibringei^,  Luther 
Stillwell,  Lewis  B. 

Taintor,  Giles 


Superintendent  Railway  Construc- 
tion, (leneral  Electric  Co.,  Sche- 
nectady, N.  Y. 

Electrician,    General  Electric  Co.,  (A  Mar.  18,  1890 

{  M  April  21,  1891 

1  j  A  June   20,  1894 
.  \  MDec.    18,  1895 


Schenectady,  N.  Y. 
General    Supt. ,   Canadian 


Electric  Co.,  Ltd. 


General 
Peterboro,  Ont. 


Electrical  Expert,  Morris  Building,  j  A  June    8,  1887 
68  Broad  St.,  New  York  City.         (  M  Nov.     i,  1887 

Electrical  Engineer  and  Assistant  (  a    a    _-i  ,      ,q 
Manager,    Westinghouse  Electric-^  V.  ^P"*  J?'  "9* 
and  M'fgCo.,  Pittsburg,  Pa.         (  ^  ^ov.  15,  189* 

Division   Sup't.  Western    Division  (at         «a   to 
New  England  Telephone  and  Tel-  \  ^  J""*^  ^°'  '°9' 
egraph  Co.,  Springfield.  Mass.       (  ^  ^«^-  '6'  *^" 
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Name. 

Taltavall,  Tkos.  R. 
Terry,  Charles  A. 


Addreu.  Date  of  Membership. 

Editor.  Electric  Aj^c,  World  Build- j  A  Jan.   20.  1891 
ing.  New  York  City.  (  M  Oct.   27,  1891 


(  M  Oct 

Lawyer.  Westinghouse  Electric  and  (  A    a-,-:i    -    , 


887 
1887 


Thomas,  Benjamin  F., />A. /?.     Professor   of    Physics,   OhiojAJune     7,1892 
Sute  University,  Columbus.  O.      (  M  Nov.  15,  1892 

Thomson,  Prof.  Eliho   {Past  President).     Electrician,  Gen-  ( 

eral  Electric,  and  Thomson  Elec- 1  A  April  15.  1884 
trie  Welding  Companies.  Lynn,  1  M  April  21,  1891 
Mass.  I. 

Thompson,  Edward  P.      Consulting  Electrician  and  Patent  (  *    a«^i  n.    ^aa- 
Attorney  in   Electrical  Cases,  5  j  m  De"     %  llj 


Thurnauer,  Ernst 


Beekman  St.,  New  York  City. 

M  anager,     Thomson-  Houston 
temational  Elec.  Co.,  27  Rue 
Londres,  Paris,  France. 


In.  ( 


A  Oct. 
M  Dec. 


14.  1887 
6,  1887 


Tischendoerfer,  F.  W.  Electrical    Engineer,  SchUckert    &  S  A  April  19,  1892 
Co.,  Nuremberg,  Germany.  \  M  Nov.  21,  1894 


Trafford,  Edward  W. 


Electrical  Engineer,  Richmond  Rail- 
way and  Electric  Co.,  Foot  of  7th 
St.,  Richmond,  Va. 


A  Feb.  21,  1894 
M  Dec.  19,  1894 


Turner,  William  S.  President,   Woodbridge  &    Turner  f  .    j^ 

Engineering  Co.,  47  Times  Build--!  »,  f^' 
ing,  New  York  City.  (  ^  ^^• 

Uebelacker,  Chas.  F.       Electrical    Engineer,    Consolidated  (  *   v  k      ^    »ftr^ 

Trarfion   To       in  Knrth  nth  "st      J  l\  f^"*      ".  I09O 


7.  1886 

2,  1888 


Traction  Co.,  30  North  nth  St.,-j 


Newark,  N.  J. 


M  Nov.  15,  1893 


Uhlenhaut,  Fritz,  Jr. 
Upton,  Francis  R 

Vail.  J.  H 

Vansize,  William  B, 


A  May     7,  1889 
■"  Dec.  19,  1894 


Philadelphia  Traction  Co.,  4101  Ha-  3  A 
verford  St.,  Philadelphia,  Pa.  \  M 

Sales     Manager     National     Tube  f 
Works  Co,  McKeesport,  Pa.;  resi- 1  A  May  17.  1887 
dence,     107    Day    St.,     Orange,  J  M  Mar.  15,  1892 

N.J.  L 

President  and  Chief  Engineer,  Elec-  ( 
trical  .and   Mechanical  Engineer- J  A  June    8,  1887 
ing  Co.,  39  Cortlandt   St.,   New  j  M  Nov.    i,  1887 
York  Cily.  [ 

{Manager)    Solicitor  of  Patents  and  1  .    a^.  -i  »r    taa. 
Expert.  i53  Broadway.  New  York  j  ^  Apnl  ,5.  .884 


Van  Trump,  C.  Reginald  Engineer  and  Manager.  Wilming- 
ton City  Electric  Co  .  Wilming- 
ton, Del. 


JA  Feb. 
1  M  Feb. 


5.  1886 
21,  1894 


Waddell,  Montgomery   Consulting  Engineer,  29  Broadway,  <A  Feb.     7,  i388 
Nevv  York  City.  \  M  M^y     i,  1888 

Wait,  Henry  H.  Assistant  Electrical  Engineer.  West-  (  *  c^^»    *^   ,0,^- 

ern    Electric  Co.,  4919   Madison -^  ^.  ,C' i^!?*^^? 


Waldo,  Dr.  Leonard 


Ave.,  Chicago,  III.  |  M  June  20.  1894 

Electrical  Engineer,  Secretary,  The  (  *  t.,«*»  ^  .aafi 
Waldo  Foundry,  57  Coleman  St.,  \  Zi  {?"  5'  oqq 
Bridgeport.  Conn  ]  M  Dec.    4.188$ 
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Name. 

Walker,  Sydney  F. 
Waring,  John 
Warner,  Ernest  P. 

Waterman,  F.  N. 

Weaver,  W.  D. 
Webb,  Herbert  Laws 
Weeks,  Edwin  R. 


Electrical 
Road,  Cardiff 


Address. 
Enjjineer, 


195 


Sept.  20,  1893 
'une  20,  1894 


Date  of  Membership. 
Severn  j  A  June    2,  1885 
Wales.  (M  May  17,  1887 

Waring  Electric  Co.,  Ovid,  N.  Y.      j  A  Dec.  16,  1890 

(M  April  17,  1895. 

Electrical  Engineer,  Western   Elec- 
tric Co.,    227    So.  Clinton     St 
Chicago,  111. 

Electrical  Engineer.  Westin^i^house 
Electric  and  Mfg.  Co.,  120  Broad- 
way, New  York  City. 

(Afanagfr.)     7  West  26th  St..  New  j  A  May  17,  ^887 
York  City.  \  M  May  17.  1887 

18    Cortlandt    St.;    residence,    126  j  A  Oct.   21,1890 
East  19th  St.,  New  York  City.       \  M  Dec.  16,  1890 


^•JAS 
-]MJ 

I 


A  Feb.  21,  1893 
M  June  20,  1894 


Rooms  301   to  303,  National  Bank  (  a   0^  ^ 
of   Kansas  City  Building,  Kansas  \  ^  ^P^ 


Weller,  Harry  W. 
Weston,  Edward 

Wetzler,  Joseph 
Wharton,  Chas.  J.' 


City,  Mo. 
Electrical     Engineer. 


MNov. 


6.  1887 
I,  1887 


Wheeler, 


Room    33,  3  A  Oct.   21,  1890 
Equitable  Building,  Boston, Mass.  1  M  Nov.  24,  189P 

{Past  President,)       Vice-President,  f 
Weston      Electrical      Instrument  J  A  April  15,  1884 
Co,    120   William   St.,   and   645  )  M  Oct.    21,1884 
High  St.,  Newark,  N.  J.  [ 

Editor     Tht    Electrical    Rngituer,  K  A  April  15,  1884 

(  M  Dec.     9,  1884 

(A  Jan. 
( M  May 

Schuyler  Skaats,  Sc,D,     Pres.  Crocker- Wheeler  f 


203  Broadway,  New  York  City. 
82  Bond  St.,  London,  Eng, 


3,  x888 
I.  1888. 


[Ufe  Member.] 

White-Fraser,  Geo. 
Wiener.  Alfred  E. 

Wilcox,  Norman  T. 

Wilkes,  Gilbert 

WiLLYOUNG,  Elmer  G. 

Wilson,  Charles  H. 
Wilson,  Fremont 

Wilson,  Harry  C. 


Electric  Co.,  39  Cortlandt  St.,  (A  June 
and  Ampere,  N.  J,;  residence,  4 1  M  Sept. 
West  33d  St.,  New  York  City.        [ 


2,  1885 
I,  1885 


Care  of  John  Stark  &  Co.,  28  Toronto  j  A  Sept.  22,  1891 
St.,  Toronto,  Ont.  {  M  Dec.    18,  1895 


Electrical  and  Mechanical  Engineer 
residence,  208  Liberty  St.,  Sche 
nectady,  N.  Y. 


■■\ 


A  May  16,  1893. 
M  May  15,  1894 


Manager  and  Elect rican. 
Light  and  Power  Co., 
Falls.  N.  Y. 


^{ay.'/5;:;si 


7.  1890 
18,  1890 


Consulting  Electrical  Engineer,  816  (  ,.    y 
Chamber    of    Commerce    Bldg.,  \  w  -l?" 
Detroit,  Mich.  *^  *  ]  M  Ma 

E.  G.  WiUyoung  &  Co.,  Scientific  (  .   ^  . 


Market  St..  Philadelphia. 
Monadnock  Building,  Chicago   111. 


A  Nov.  24.  1891 
M  Feb.  16,  C892 


Electrician.  66  Maiden  Lane,  (Tele 
phone,  1 65 1  Cortlandt)  and  21 
Seventh  Ave..  New  York  City 

Supt.  of  P.  O.  Telegraph  with  the 
(lovemraent,  Kingston,  Jamaica 
West  Indies. 


"53JmJ 

Ma  J: 
•|MJ 


Mar. 
une 


6,  1888 
5,  1888 


an.    19,  1891 
une     7,  1892- 
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Name.  Address.  Date  of  Membenhip. 

Winchester,  A.  E.  Consulting  Engineer  and  Designer  (  .   t„^^    ^    _««. 

of  Electric  Systems.  South  NorJ  ^  Jly°f    f*  JIJJ 
walk.  Conn.  (  ^  ^^'''    '•  ^^^ 

WiNSLOW.  George  Herbert  Consulting  Electrical  Engineer.  (  .  *  ^  .,  ,.  ,g^_ 
700  Lewis  Block.  6th  Ave..  and{^^P"'  H'  Jrjf 
Smithfield  St..  Pittsburg.  Pa.  (  ^  ^^^'  ^'  '^ 

Consulting  Engineer.  5104  Newhall  (  A  Sept.    8.  1888 
St..  Gennantown.  Pa.  )  M  June  20,  1894 

Electrician.  1002  Bennett  Building,  (A  Mar.    6.  1888 
■*■"*'■"  <M  Dec.  16.  1890 


Wirt,  Charles 
wolcott,  townsend 
wolverton,  b.  c. 

WOODBRIDGB,  J.  L. 

Wright,  Peter 


New  York  City. 

Electrician,  N.  Y.  &  Pa.  Telephone  jA  Mar.  18,  1890 
and  Telegraph  Co.,  Elmira.  N.  Y.  ^  M  Feb.  21.  1895 

Secretary    and     Treasurer,    Wood-  f 
bridge     &    Turner    Engineering  I  A  Tune    8.  1887 
Co.,   47   Times    Building,    New  jM  Nov.    i.  1887 
York  City.  t 

Inspector     of     Electiical     Works.  (  .    ^^^  ,^   ,«- 
United  Gas  Improvement  Co..  807  -^  ^  jJ^J  J^»  J  J*? 
Drexel  Bldg.  Philadelphia.  Pa.       (  ^  J*''*   '^'  '^5 


W^URTs.  Alexander  Jay  Wcstinghouse  Electric  Sc  Mfg.  Co..  j  A  April  19,  1892 

^  M    ■ 


Young.  C.  Griffith 


Pittsburg,  Pa.  }  M  Nov.  15,  1892 

Electrical    Engineer.  White-Crosby  (  .    j^^      ,   ,gj^ 


Members. 
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ASSOCIATE  MEMBERS. 
Name.  Address. 

Adams,  Comfort  A.,  Jr.  Instructor  in   Electrical  Engineering, 
Harvard  University.  13  Farrar  St.,. 
Cambndge,  Mass. 

Manager  Joseph  A  damson  &  Co., 
Hyde,  Cheshire,  EogUnd. 

Electrical  Engineer,  150  Nassau  St,, 
33  West  39th  St.,  New  York  City. 

Electrical  Expert,  Compagnie  Francaise 
Thomson- Houston,  27  Kue  de  Lon- 
dres,  Fans,  France. 

Electrical  Engrineer,  care  Citizens  Gas 
and  Electric  Co.,  Jacksonville,  FU. 


Adamson.  Daniel 


Agnew,  Cornelius  R. 


Albanese,*G.  Sacco 


Albert,  Henry 
Alden,  James  S. 
Aldrich,  William  S. 

Alexander,  Harry 

Alexander,  P.  H. 
Anderson,  Henry  S. 
Anderson,  W.  E. 


Assistant  Manaeer,  with  L.  H.  Alden, 
486  River  Dnve,  Passaic,  N.  J. 

Professor  of  Mechanical  Engineering 
and  Director  Mechanical  Arts,  West 
Virginia  University.  P.  O.  Box  256, 
Morgantown,  W.  Va. 

Electrical  Engineer,  General  Manager 
and  Vice  Prest.  Alexander-Chamber- 
lain Electric  Co.,  126  Liberty,  and 
348  W.  145th  St.,  New  York  City. 

Manager,  Lighting  Dept.,  Electric  Se- 
lector and  Signal  Co.,  45  Broadway, 
New  York  City. 

General  Manager  and  Electrician, 
United  Electric  Light  Co.,  Spring- 
field. MabS. 

Professor  of  Physics  and  Electrical  En- 
gineering, Pacific  Building,  Wash- 
ington. D  C. 

Electrical  Engineer,  162  Hicks  St., 
Brooklyn,  N.  Y. 

General  Electric  Co., 

Schenectady,  N.  Y. 

Anson,  Franklin  Robert     Receiver,  Salem  Consolidated  Street 
Railway  Co.,  Salem,  Ore. 

Electrician,  3254  Webster  St.,  New- 
ark, N.  J. 

Wcstinghouse  Electric  and  Mfg.  Co. 
32S  Exchange  Bldg..  Boston,  Mass. 

31  Burling  Slip,  New  York  City. 

Electrical  Expert,  1400  Auditorium 
Tower,  Chicago.  111. 

Electrician  and  Treasurer,  Arnold 
Electric  Co.,  Chester  and  Sharon 
Hill,  Pa. 


Andrews,  William,  C. 
Andrews,  Wm.  S. 


Anthony,  Watson  G. 

Arch  bold,  Wm.  K. 

Archer,  Geo.  F. 
Armstrong,  Chas.  G. 

Arnold,  Craig  R. 


Ashley,  Frank  M. 


Atwood,  George  F. 


Master  Mechanic,  Ashley  Engineering 
Works,  Hawthorne,  N.  J.,  136 
Liberty  St..  N.  Y. 

Mechanic  and  Lawrence  Sts. ,  Newark, 
N.J. 


Date  of  Election. 

Jan.  17.  1894 
Feb.  26,  1896 
Mar.    21,  1894 

Sept.  20,  1893 
Feb:  21,  1893 
May    19,  1 89 1 

Mar.   15,  .1892 

April  21,  1891 

Dec.    16,  1890 

Jan.     16,  1895 

Sept.  20,  1893 

May  21,  1895 

Mar.     5,  1889 

Feb.    27,  1895 

Feb.    24,  1 891 

June  20,  1894 
Nov.  21,  1894 

Sept.  27,  1892 
Nov.    15,  1892 

Nov.  21,  1894 

Sept.  16,  1890 
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Name. 

Austin.  Sydney  B. 
auerbachbr,  louis  j. 


Address. 
55  Franklin   St.;   residence,  130  West 
83rd  Street,  New  York. 

Secretary  and  General  Manager,  Auto- 
matic Electrical  Specialty  Co., 
Newark.  N.  }. 


Babcock,  Clifford  D. 
Badeau,  Isaac  F. 

Badt,  Lieut.  Francis  B. 

Baldwin,  Jas.  C.  T. 
Ball,  Wm.  D. 

Bancroft,  Chas.  F. 
Barbour,  Fred  Fiske 

Barnard,  John  H. 

Barnes.  Edward  A. 
Barstow,  William  S. 

Barth-Bartoshevitch, 

Bartlbtt,  Edward  E. 

Barton,  Enos  M. 

Bates,  Frederick  C. 

Bauer,  W.  F. 
Beames,  Clare  F. 

Beattie,  John,  Jr. 

Bedell,  Dr.  Frederick 
Bennett,  Edwin  H.,  Jr 

Bennett.  John  C. 


[Address  unknown  ] 

Ass't  to  the  Engineer,  Met.  Telephone 
and  Telegraph  Co.;  residence,  215 
W.  I32d  St.,  New  York  City. 

Electrical  Engineer,  Siemens  &  Halske 
Electric  Co.  of  America.  121 5  Mon- 
adnock  Block  and  ^506  Lafayette 
Ave.,  (Englewood),  Chicago,  111. 

Superintendent  Chicago  Telephone  Co., 
203  Washington  St. ;  residence,  382 
Ontario  Street,  Chicago,  III. 

Consulting  Electrical  Engineer.  W.  D. 
Ball  &  Co  .  1625  Monadnock  Block, 
Chicago,  111. 

Electrical  Engineer.  Lowell  and  Sub- 
urban Street  Railway.  Lowell.  Mass. 

Manager,  Power  and  Mining  Depart- 
ment, Pacific  District,  General 
Electric  Co.,  15  First  St.,  San 
Francisco,  Cal.,  and  1758  loth  Ave., 
Oakland,  Cal. 

Vice-President  and  General  Manager, 
Wilmington  Street  Railway  Co., 
Wilmington,  N.  C. 

Electrical  Expert,  Fort  Wayne  Elec- 
tric Co.,  Fort  Wayne,  Ind. 

General  Supt.,  Edison  Electric  Iliumt- 
na'.ing  Co.,  360  Pearl  St.,  Brooklyn, 
N.  Y. 
A.  Mechanical  and  Electrical  Engineer, 
[Address  unknown.] 

Member  Firm  Bartlett  &  Co.,  23  Rose 
St.,  New  York  City. 

President  Western  Electric  Co.,  227 
South  Clinton  St.,  Chicago,  III. 

Electrical  Engineer,  Union  Elektrici- 
t&ts  Gesellschaft,  Berlin,  Germany. 

Electrician,  Reisterstown,  Md. 

General     Electric    Co.,     Monadnock 

Block,  Chicago,  111. 
Manager    and    Superintendent,    The 

Beattie  battery,  Zinc  and   Electric 

Co.,  Fall  River,  Mass. 
,  Assistant  Professor  in  Physics,  Cornell 

University,  Ithaca,  N.  Y. 

,  Electrician  and  Engineer,  Diehl  &  Co. , 
Elizabethport,  N.  J.,  and  17  E.  33d 
St.,  Bayonne,  N.  J. 

Electrician  General  Electric  Co.,  Box 
3067,  44  Broad  St.,  New  York  City 

Digitized  by 


Date  of  Ekctiooi 
Sept.  25,  1895. 

Sept.  20,  1893. 
Feb.    21,  1894- 

Feb.  26,  1896 

April  19,  189^ 

April  17,  1895 

Nov.  ao,  189s 
Dec.    18,  189s 


May 

16,  1895 

June 

26,  1891 

Sept. 

20.  1893. 

Feb. 

21,  1894 

May 

16,  189J 

Juae 

6,  i89> 

July 

12.  1887 

Jan. 

ao,  1891 

April 

15.  1890^ 

May 

21.  189s 

Sept. 

6.1887 

April 

21,  1891 

June 

20,  1S94 

Mar. 

18,1890 
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Name. 

Bentley,  Merton  H. 
Berg,  Ernst  Julius 


Berg,  Eskil 
Bergholtz,  Herman 
Berliner,  Emile 


Address. 
Chicago    Telephone    Co;;    residence, 
221  Scoville  Ave.,  Oak*  Park,  III. 

Engineer,  General  Electric  Co.;  resi- 
dence, 53  Washington  Ave.,  Sche- 
nectady, N.  Y. 

Electrical  Engineer,  Gen'l  Electric 
Co.,  Schenectady,  N.  Y. 

Secretary  and  Treasurer,  Ithaca  Street 
Railway  Co.,  Ithaca,  N.  Y. 

Inventor,  Columbia  Road,  between 
Fourteenth  and  Fifteenth  Sts., 
Washington,  D.  C. 

Berresford,  Aki'HUR  W.,  B.  S.,  M,  E.  Electrician.  Brookl3m 
City  R.  R.  Co.,  197  Van  Buren  St., 
Brooklyn,  N.  Y. 

Best,  A.  T.  Electrical    Engineer,    St.   Augustine, 

Florida. 

Bethell,  U.  N.  General   Manager,  The   Metropolitan 

Telephone  and   Telegraph   Co.,  18 
Conlandt  St.,  N.  Y.  City. 

BijUR,  Joseph,  -<^.^.,-^. -f.  Consulting  Electrical  Engineer. 
34  Nassau  St.,  residence,  172  West 
75th  St.,  New  York  City. 


[Ufe  Member.] 

Black,  Chas.  N. 
Blake,  Henry  W, 
Blake,  Theodore  W, 


Brush  Electric  Co.,  Belden  St.,  Cleve- 
land, O. 

Editor,  Street  Railway  Journal^  26 
Cortlandt  St.,  New  York  City. 

American  Telephone  and  Telegraph 
Co.,  18  Cortlandt  Street,  New  York, 
N.  Y. 


Blanchard,  Charles  M.  Winterbum,  Ta. 


Vice-President  and  General  Manager, 
Allegheny  County  Light  Co.,  West- 
inghouse  Building,  Pittsburg,  Pa. 

Electrician,  Holtzer-Cabot  Electric 
Co.,  I  Davis  Court,  Washington 
St.,  Brookline,  Mass. 

Electrical  Engineer.  Central  District 
and  Printing  Telegraph  Co.,  Tele- 
phone Bldg.,  Pittsburg,  Pa. 

820  Connecticut  Ave.,  Washington, 
D.  C. 

Bliss,  William  L.,  B,  S,,  M,  M.  E,  Electrical  Engineer,  Con- 
solidated Gas  Co.,  4  Irving  Place, 
New  York  City;  residence,  24  Irving 
Place,  Brooklyn.  N.  Y. 


Blaxter,  Geo.  H. 
Bliss,  Donald  M. 
Bliss,  George  S. 
Bliss,  Wm.  J.  A. 


Blizard,  Charles 
Blood,  W.  Henry  Jr. 


Sales  Agent.  Electric  Storage  Battery 
Co.,  66  Broadway;  residence,  Pas- 
saic, N.  J. 

The  Franklin  Electric  Co.,  535  Dela- 
ware St.,  Kansas  City,  NIo. 


Digiti 


Date  of  Election, 
Oct.    18,  1893 

Sept.  19,  1894 
Nov.  20,  1895 
April    2,  1889 

April  15,  1884 

May  15,  1894 
April  19,  Z894 

Jan.     17,  1894 

May  15,  1894 
April  19,  1890 
Nov.  13,  z888 

Sept.  20.  1893 
Sept.  19,  1894 

Sept.  25,  1895 

Feb.      7,  189a 

June  20,  1894 
Jan.    20,  1 891 

Mar.    21,  1894 

Nov.  21,  1894 
April  2,  1889 
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Name. 

BoARDMAN,  Harry  B. 


Bog  ART,  A.  Livingston 


BoiLEAU,  William  E. 

BouGHAN,  Edward  L. 
BoYER,  Elmer  E. 

BoYLES»  Thomas  D. 


Address. 
Wisconsin  Telephone  Co.,  1530  Grand 
Ave.,  Milwaukee,  Wis. 

Electrical  and  Patent  Expert,  22 
Union  Square,  New  York  City. 

BoGGS,  Lemuel  Stearns  Lafayette,  Ind. 

Bogus,  Charles  J.  Manufacturer  ami  Dealer  in  Electrical 

Supplies.  206 Centre  St.,  N.Y.  City. 

BoHM.  LUDWiG  K.,  Ph.D.,  Consulting  Electrical  and  Chemical 
Expert,  117  Nassau  .St.,  N.  Y.  City. 

Superintendent  and  Electrician.  Brush 
Electric  Light  &  Power  Co.,  Colum- 
bus, Ga. 

20  Koslyn  Place.  Chicago.  111. 

Electrical  Engineer,  The  General  Elec- 
tric Co.,  Lynn,  Mass. 

Electrical  Engineer,  General  Electric 
Co. :  residence,  58  Washington  Ave., 
Schenectady,  N.  Y. 

Brackett,  Prof.  Cyrus  F.  IVinceton,  N.  J. 

Braddell,  Alfred  E.  Electrical  Inspector,  Underwriters' 
Association,  Middle  Department, 
316  Walnut  St.,  Philadelphia,  Pa. 

Brady,  E.  D.  A.  Consulting   and   Constructing   Engin- 

eer, 95  Bank  St.,  Lock  P.  O.  Box  132, 
Waterbury,  Conn. 

Brady.  Frank  W  ,  M.  E.  Professor  of  Engineering  and  Physics, 
New  Mexico.;  College  of  Agriculture 
and  Mechanic  Arts,  Mesilla  Park, 
N.  M. 
Manager,  Central  N.  Y.  Agency,  West- 
inghouse  Electric  and  Mfg.  Co., 
Syracuse,  N.  Y. 

Manager  PhiU.  Agency,  Westing- 
house  Electric  and  Mfg.  Co.,  30a 
CHrard  Building,  Philadelphia,  Pa. 

Electrical  Engineer,  Berlin,  Ont. 

Proprietor  and  Manufacturer,  Day's 
Kerite  Wire  and  Cables,  203  Broad- 
way, New  York  City. 

Superintendent  and  Electrician,  with 
F.  Pearce,  New  York  City;  resi- 
dence, 448  8th  Ave.,  Brooklyn,  N.  Y. 

Electrician  to  the  Wire  Department.  12 
Old  Court  House,  Boston;  residence, 
17  Egleston  St.,  Jamaica  Plain,  Mass. 

Student  at  Cornell  University.;  resi- 
dence. 6422  Drexel  Ave.,  Chicago.IlL 

Manager  and  Treasurer,  The  Bryant 
Electric  Co.,  Bridgeport,  Conn. 


Brady,  Paul  T. 

Bragg,  Charles  A. 

Breithaupt.  E.  Carl 
Brixey,  W.  R. 

Broich,  Joseph 

Brophy,  William 

Brown,  Chas.  L. 


Bryant,  Waldo  C. 
Hubert,  J.  F. 


Buck.  Harold  W. 


Supervising  and  Contracting  Electrical 
Engineer,  402  Exchange  Bldg.. 
(.Telephone  1379)  Boston,  Mass. 

12  N.  Church  St.,  Schenectady,  N.  Y. 


Digitized  by 


Date  of  Election. 
Sept.  20,  1893 

July  10,  1888 
Sept.   20,  1893 

Dec.      3,  1889 

Nov.    15,  1892 

Sept.  19.  1894 
Dec.  21,  1892 

Sept.  25,  1895 

Mar.  20,  1895 
April  15.  1889 

Sept.     1.  1890 

Sept.   19,  1894 

June  20,  1894 
July     12,  1887 

Sept.  20,  1893 
June     6.  1893 

Sept.  20,  1893 

Jan.    17.  1894 

'Mar.  5,  1889 
Nov.  20,  1895 
May    16,  1893 

June  7,  1892 
Jan.    16,  189s 
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Nanie.  Address. 

Buckingham,  Chas.  L.  Patent  Attorney,  Western  Union  Tele- 
graph Co.,  195  Broadway,  P.  O. 
Box  856,  New  York  City. 

BuNCE,  Theodore  D.        The  Storage  Battery  Supply  Co.,  239 

■    nrYo  '    " 


E.  27tn  St.,  New  York  City. 

Burke,  James  Firm  of  Herrick  &  Burke,  203  Broad- 

way, New  York  City. 

Burnett,  Douglass,  B.S,  Edison  Illuminating  Co  ,  Inspection 
r>ept.,  55  Duane  St.,  New  York 
City;  residence,  42  Livingston  St., 
Brooklyn,  N.  Y. 

Manager  and  Scc'y.  and  Treas.  Char- 
leston Light  and  Power  Co.,  Charles 
ton,  S.  C. 


Burt,  Byron  T. 

Burton,  Geo.  D. 

Burton,  Paul  G. 

Burton,  William  C. 
Butler,  William  C. 
Buys,  Albert 


Electrician  and  President,  Electrical 
Forging  Co.,  194  Washington  St., 
Boston,  Mass. 

Constructing  Electrician,  Western 
Electric  Co.;  residence,  45  W.  127 
St.,  New  York  City. 

With  White-Crosby  Co.,  Equitable 
BIdg.  Baltimore,   Md. 

President,  The  Puget  Sound  Reduction 
Co.,  Everett,  Washington. 

Electrical     Engineer,     The     Rahway . 
Electric  Light  and  Power  Co.,  Rah- 
way, N.  J. 

Cabot,  Francis  Elliott  Supt.  of  Inspection  and  Electrician, 
Boston  Board  of  Fire  Underwriters. 
55  ■  Kilby  Street ;  residence,  East 
Milton,  Mass. 

City  Electrician,  115  W.  8th  St.,  Cin- 
cinnati, O. 


Cabot,  John  Alfred 
Caldwell,  Edward 
Caldwell,  Francis  C. 

Canfield,  Milton  C. 
Canfield,  Myron  E. 
Capuccio,  Mario 

Carhart,  Henry  S, 
Carichoff,  E.  R. 
Carson,  DAvid  T.  * 


Street  Railway  Journal^  Havemeyer 
Bldg.,  New  York  City. 

Assistant  Professor  of  Electrical  En- 
gineering, Ohio  State  University, 
Columbus,  O. 

Electrical   Engineer,    18  Clinton   St., 
.  Cleveland,  O. 

Western  Electric  Co.;  residence,  404 
W.  44th  St.  New  York  City. 

Raimondo  &  Capuccio,  Consulting 
Engineers  and  Patent  Agents,  Piazza 
Staluto  15,  Turin,  Italy. 

Prof,  of  Physics,  University  of 
Michigan,  Ann  Arbor,  Mich. 

Electrical  Engineer.  Sprague  Electric 
Elevator    Co.,    Bloomfield,  N.  J. 

Secy,  and  Gen.  Supt.,  The  Southern 
Bell  Telephone  and  Telegraph  Co., 
26  Cortlandt  Si.,  New  York  City. 


Date  of  Election. 

April  15,  1884 
May  20,  1890 
May    16,  1893 

Feb.    21,  1893 

Sept.  25.  1895 

April  21,  1 891 

Nov.  20,  1895 
Sept.  20.  1893 
Mar.   21,  1893 

Feb.      7,  1890 

April  17,  1895 
May  16,  1893 
Jan.     20,  1 891 

June  20,  1894 

Feb.    21,  1893 

May  21,  1895 

Dec.  20,  1893 
Sept.  25,  1895 
Mar.    21,  1894 

Dec.    21,  1892 
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Name.  Address. 

Cartwright,  Fred'k  G.  Electrical  Engineer  and  Agent,  Fort 
Wayne  Electric  Co.,  41  and  43 
Stevenson  St.,  San  Francisco,  Cal. 


Carty,  J.  J. 

Cask,  Willard  E. 
Casper,  Louis 


(Manager )  Engineer.  Metropolitan 
Telephone  and  Telegraph  Co..  18 
Cortlandt  St.,  New  York  City. 

196  Genesee  St.,  Auburn,  N.  Y. 

Electricial  Engineer  and  Contractor, 
307  New  Ridge  BIdg.,  Kansas  City, 
Mo. 

Chadbournb,  Henry  R.,  Jr.  Electrical  Engineer,  130  Bedford 
St.,  Boston,  Mass. 

Chamberlain,  F.  H.  Electrician,  Metropolitan  R.  R.  Co., 
241 1  P  St.,  N.  W.  Washington. 
D.  C. 

Cheney,  Frederick  A.     Maple  Avenue,  Elmira,  N.  Y. 

Chermont,  Antonio  Leite  Engineer.  Firm  of  Chennont,  Silva 
and  Miranda,  Box  252,  Para,  U.  S. 
Brazil. 


Chesney,  C.  C. 

Childs,  Sumner  W. 

Childs,  Walter  H. 
Chinnock.  C.  E. 
Chism,  George  F. 

Chubbuck,  H.  Eugene 
Claflin,  Adams  D. 

Clark,  LeRoy,  Jr. 

Clement,  Lewis  M. 
Cleveland,  Wm.  B. 
Clough,  Albert  L. 
Coffin,  Chas.  A. 

Cogswell,  A.  R. 
CoHO,  Herbert  B. 
Coles,  Edmund  P. 


Electrician,  Stanley  Laboratory,  Pitts- 
field,  Mass. 

The  Degnon  Construction  Co.,  Focl- 
linger  Block,  Fort  Wayne,  Ind. 

Brattleboro,  Vt. 

137  Sixth  Ave..  Brooklyn.  N.  Y. 

Chief  Engineer,  Power  Plant  Dept. 
with  Le  Grand  Brown,  90  Exchange 
Place  Bldg.,  Rochester.  N.  Y. 

Vice-President.  The  I'ueblo  Electric 
Street  Railway  Co.,  Pueblo,  Col. 

Commonwealth  Ave.  Street  Railway 
Co.,  53  State  St.,  Boston;  residence, 
Newton  Centre,  Mass. 

Electrician.  5>afety  Insulated  Wire  and 
Cable  Co.,  229  West  28th  St..  resi- 
dence,  350  West  30th  St.,  New  York 
City. 

1013  Central  Ave.,  Oakland,  Cal. 

Cleveland,  O. 

Box  114,  Manchester,  N.  H. 

General  Electric  Co.,  620  Atlantic 
Ave.,  Boston,  Mass. 

Electrician  and  Superintendent,  Hali- 
fax Illuminating  and  Motor  Co., 
Ltd.,  34  Bishop  St.,  Halifax,  N.  S. 

H.  B.  Coho  &  Co..  Electrical  En- 
g^ncers,  203  Broadway,  New  York 
City. 

Special  Tester,  General  Electric  Co., 
Schenectady,  N.  Y. :  residence  240 
Union  St. 


Date  of  Election. 

Sept.  22,  1891 

April  15,  1890- 
Feb.      7,  1888- 

April  21,  1891 
May    15,  1894. 

June  17,  1890- 
Oct.      I,  1889. 

Mar.   18,  1890- 

June   20,  1894 

May  15,  1894 
Sept.  6,  1887 
April  15,  1884 

Mar.  21,  1895. 
Dec.     4,  i88r 

June     7,  1892- 

May  15,  1894 
April  21,  189X 
April  15,  1884 
Feb.   21,  1894 

Dec.  6,  1887 
April  21,  i89r 
Mar.  21,  1894 
Oct.    23.  #69$. 
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Name.  Address.  Date  of  Election. 

Colgate.  Geo.  L.  Electrical  Engfineer,  136  Liberty  St., 

New  York  City.  June    17,  1890 

CoLLES,  George  W.  Jr.    Constructing  Engineer,  The  Vi.<M:ol  Co., 

118  Charles  St.,  Boston.  Mass.  Oct.    23,189s 

CoLLETT,  Samuel  D.  Engineer    Construction    Dep't    Met. 

Telephone  and  Tel.  Co.,  18  Cortlandt 
St.,«  New  York  City;  residence,  15 
Cranberry  St  .  Brooklyn,  N.  Y.  Feb.    26,  1896 

Colley,  Benjamin  W.  First  Ass*t.  Superintendent,  The 
Commercial  Cable  Co.,  Hazel  Hill, 
N.  S..  Oct.    21,  1890 

-CoLViLLE,  Frank  C.  Electrician  and  Inventor,  1503  Seventh 

Ave..  Oakland,  Cal.  May    19,  1891 

•CoMPTON.  Alfred  G.  Professor  of  Applied  Mathematics, 
College  of  the  City  of  New  York, 
17  Lexington  Ave.,  New  York  City.     Nov.     i.  1887 

-CooUDGE,  Charles  A.  Electrical  Engineer,  Superintendent, 
Northern  Improvement  Co.,  591 
Hood  St.,  Portland,  Ore.  April  1 9,  1892 

•Corey,  Fred  Brainard    Consulting    Engineer,    Room  33,  150 

Devonshire  St.,  BoMon,  Mass.  Dec.    20,  1893 

Corneix,  John  B.  Supt.  of  Construction,  with  Chas.  L. 

Cornell,  Hamilton.  O.  Sept.  25,  1895 

■Corson,  William  R.  C.    Electrical  Engineer,  The  Eddy  Electric 

Mfg.  Co.,  Windsor,  Conn.  Jan.    17,  1893 

Cory,  Clarence  L.  Professor  of   Electrical  Engineering, 

University  of  California,  Berkeley, 
Cal.  April  19,  1892 

Coster,  Maurice  Engineer,  Westinghouse  Elec.and  Mfg. 

Co.,  N.  Y.  Life  Bldg,,  Chicago,  111.     Sept.  25.  1895 

Cox,  Edmund  V.  Student    in    Electrical     Engineering, 

Columbia  College;  residence,  50 
East  31st  St..  New  York  City.  Jan.     16,  1895 

Crandall,  Chester  D.  Assistant  Treasurer.  Western  Elec- 
tric. Co.,  227  South  Clinton  St.; 
residence.  4438  Ellis  Ave.  Chi- 
cago, 111.  Sept.  27,  1892 

Crane,  W.  F.  D.  Manager  Electrical  Department  H.  W. 

Johns  Manufacturing  Co.,  87 
Maiden  Lane.  New  York  City; 
residence,  24  Ilalstead  Fl.,  East 
Orange,  N.  J.  Feb.      7,  1888 

Crawford.  David  Francis    Ass't    to    Supt.    Motive    Power, 

Penn'a  Co.,  Fort  Wayne,  Ind.  Sept.  25,  1895 

Crawford,  L.  G.  Sup't,  Repair  Dep't  General  Electric 

Co.,  Chicago,  111.  Oct.    23,  1895 

Creaghead,  Thomas  J.  President  and  General  Manager. 
Creaghead  Engineering  Co.,  296 
Plum  St.,  Cincinnati,  O.  Sept.  20,  1893 

Crehore,  Albert  C, /'A. Z>.  Assistant     Professor   of    Physics, 

Dartmouth  College,  Hanover,  N.  H.     Dec.    21,1892 

Crews,  J.  W.  Manager,    Southern    Bell    Telephone 

and  Telegraph  Co  ,  Telephone  Ex- 
change, Norfolk,  Va.  Sept.  19,  1894 


Digiti 
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Name. 

Criggal,  John  E. 

Crosby,  Oscar  T. 

Croxton,  a.  L. 

CuMNER,  Arthur  B. 
Cunningham,  E.  R. 

CuNTZ,  Johannes  H. 
Curtis,  Chas.  G. 

CUSHING,  F.  W. 


Address. 
Electrician,  138  Hloomfield  Ave,  New- 
ark. N.  J. 

White  Crosby  Co.,  29  Broadway,  New 
York  Ciiy. 

Electrical  Engineer,  Standard  Electric 
Co.,  71 18  Drexel  Ave.,  Chicago,  111. 

69  Broad  St.,  Boston,  "Mass. 

Sup't  Fort  Dodge  Light  and  Power 
Co.,  Fort  Dodge,  Iowa. 

Assistant  to  Prcsideijt  Henry  Morton, 
Stevens  Institute  of  Technology, 
325  Hudson  St  ,  Hoboken.  N.  J. 

President.  Curtis  Electric  Mfg.  Co., 
Box  412,  New  York  City, 

Electrical  Engineer,  1 106  The  Rookery, 

Chicago.  111. 
CusHiNG,  Harry  Cooke,  Jr.  Electrical  Inspector.  Boston  Board 

of  Fire  Underwriters,  55  KilbySt.; 

residence,  259  Beacon   St.,  Boston, 

Mass. 
daCunha,  Manoel  Ignacio  Manager  of  the  Electrical  Section, 

Emprera      Industrial      Gram- Para, 

Para.  U.  S.  of  Brazil. 


Dame.  Frank  L. 
Dana,  R.  K. 
Danielson,  Ernst 
Davenport,  C.  G. 


General    Sup't.  Tacoma  Railway  and 
Motor  Co.,  Tacoma,  Wash. 

Agent,   Washburn    and    Moen    Mfg. 
Co.,  16  Cliff  St.,  New  York  City. 

Consulting     Electrician.     16    Scheele 
Gatan.  Stockholm,  Sweden. 


Expert  and  Agent,  General  Electric 
Co.,  44  Broad  St.,  New  York  City. 

Davenport,  George  W.   61  Ames  Bldg.,  Boston.  Mass. 

Patent  Lawyer,  Room  179  Times 
Bldg.,  New  York  City. 

Superintendent.  Salem  Electric  Light 
and  Power  Co..  299  Lincoln  Ave., 
Salem,  O. 

Engineer,  American  Bell  Telephone 
Co.,  113  W.  38th  St., New  York  City. 

Electrical  Engineer,  General  Electric 
Co.,  .Schenectady,  N.  Y. 

Associate  and  Chief  Engineer  with  R. 
W.  Hlackwell.  39  Victoria  St.,  West- 
minster, London,  Eng. 

Electrical  Engineer.   Met.  Telephone 

and  Telegraph  Co..  18  Cortlandt  St.. 

New    York    City  ;    residence,    Van 

Pelt  Manor.  N.  Y. 
Constructing  Engineer,  Gen'l  Electric 

Co.,  kio  de  Janeiro,  Brazil. 

DEKHOriNSKY,  Capt.  Achilles,  Late  Chief  Electrician  and 
Torpedo  Officer.  Imperial  Russian 
Navy,  American  Bell  Telephone  Co., 
42  Farnswcrth  bt  ,  Boston,  Mass. 

Digitized  by 


Davidson,  Edw.  C. 
Davis,  Delamore  L. 

Davis,  Joseph  P. 
Davis.  W.  J.,  Jr. 
Dawson,  Philip 

Decker,  Edward  P. 
Degen,  Lewis 


Date  of  Election^ 
June   20.  1894. 

Mar.  18,  189a 

June  20,  1894 
Feb.    37,  189s 

Jan.    22,  1896 

Mar.  5,  1889^ 
April  15,  1884 
Nov.   24,  1891 

Sept.  19,  1894 

May    16,  1893. 

June   26,  1 891 

April  15,  1884 

June  27,  1895 

Nov.  21,  1894 
June     4.  188^ 

Feb      7,  1 890" 

April  2,  1889 
April  15,  1884 
Mar.  20.  1895- 

Sept.  25,  1893. 

Feb.  26.  1895 
Sept.    25.  1895 


Oct.    27,  1891 
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Name. 

deLakcey,  Darragh 
Denison,  Sylvester  P. 
Denton,  James  E. 

Desmond,  J  ere.  A. 

Dewar,  John  Thomas 

Dey,  Harry  E. 

Dickerson,  E.  N. 
DoBBiE,  Robert  S. 

Dommerque,  Franz  J. 

Doolittle,  Clarence  E. 

Doolittle,  Thomas  B. 

DoREMUs,  Charles  A. 
Dorr,  Frank  H. 

Dressler,  ChArles  E. 
Drysdale,  William  A. 

Du  Bois,  Julian 

Duncan,  John  D.  E. 
Duncan,  Thomas 

DuNLAP,  Will  Knox 
Dunn,  Kingsley  G. 
Durant,  Edward 


Addrew. 
Manaj^er  of  Kodak  Park  Works,  East- 
man Kodak  Co.,  Rochester,  N.  Y. 

143  Centre  St.,  New  York  City;  resi- 
dence, Belleville,  N.  J. 

Professor  of  Experimental  Mechanics, 
Stevens  Institute  of  Technology, 
Hoboken,  N.  J. 

Electrical   Engineer,    Boston   Electric 

Li}{ht    Co.,    Ames  Bldg.,    Boston, 

Mass 
Electrical    Expert.   Western    Electric 

Co.;  residence,  33  Rue  Bouewijns, 

Antwerp,  Belgium. 

Pres't  and  Gen'l  Mgr.  Dcy-Griswold 
Co..  108  Fulton  St.,  New  York  City, 
residence,  342  Tenth  St..  Brooklyn, 
N.'Y. 

Attomey-at-Law,  64  E.  34th  St.,  New 
York  City. 

Electrical  Engineer,  a  South  Parade, 
Westmoreland  Road^  Newcastle-on- 
Tyne,  Eng. 

Chief    Draughtsman,    Chicago    Tele- 
phone Co.;  residence,  496  N.  Robey 
.    St.,  Chicago.  111. 

Manager    and    Electrician.  Roaring 
Fork  Electric  Light  and  Power  Co. , 
Aspen.  Colo. 

Engineering  Department.  American 
Bell  Telephone  Co.,  125  Milk  St., 
Boston.  Mass. 

Af.D,  rh.D.  59  ^V.  51st  St..  New 
York  City. 

Electrical  Engineer,  General  Electric 
Co.,  Monadnock  Building,  Chicago, 
111. 

17  Lexington  Ave.,  New  York  City. 

Consulting  Electrical  Engineer,  Hale 
Building,  Philadelphia.  Pa. 

Chief  Electrician.  Mohawk  Division 
N.  Y.  C  &  H.  R.  R.  R.  Albany, 
N.  Y. 

81  Maplewood  Ave  ,  Pittsfield,  Mass. 

Electrician,  Laboratory  Fort  Wayne 
Electric  Corporation,  407  Broadway, 
Fort  Wayne.  Ind. 

Eleclrical  Engineer,  Westinghouse 
Elec.  and  Mfg.  Co..  Pittsburg,  Pa. 

Electrician.  232  Montgomery  St.,  San 
Francisco,  Cal, 

Electrician,  Gas  Engine  Plants  for 
Electric  Light  and  Heat,  39  Cort- 
landt  St.;  residence,  115  East  26th 
St.,  New  York  City. 

Digiti 


Date  of  Elecdoa. 
Sept.  19.  1894 
Jan.     16,  1895 

July    12,  1887 

Jan.     19,  1893 

May  21,  1895 

Dec.  19,  1894 
April  15,  1884 

Feb.      5,  1889 

Oct.     17.  1894 

May    15.  1894 

May  16.  1893 
July      7.  1884 

May  15,  1894 
Dec     16.  1890 

Sept.  19,  1894 

Nov.  20,  1895 
Mar.    20,  189s 

Oct.  17,  1894 
Sept.  25,  1895 
Oct.    17,  1894 

Nov.  15,  1892 
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Name.  Address. 

DuRANT,  Geo.  F.  Vice-Pies't  Bell  Telephone  Co..  of  Mo., 

511  No.  4lh  St.,  St.  Louis,  Mo. 

Dyer,  Francis  Maron  Associate  Engineer  with  Chas.  L. 
Eidlitz,  10  West  23d  St  ; .  residence, 
355  Lenox  Ave.,  New  York  City. 

Eddy,  H.  C.  Electrical   Engineer  and    Contractor, 

Lees  Building,  Chicago,  111. 

Eden,  Morton  Edward  Electrical  Inspector.  XVestern  District 
the  Underwriters'  Association  of 
the  Middle  Department.  Philadel- 
phia, Pa. ;  residence,  83  Fourth  Ave. , 
Pittsburg,  Pa. 

General  Manager  and  Chief  Engineer, 
Edison  Elec.  lll'm'g  Co.,  3  Head 
Place,  Boston,  Mass. 

Electrical  Engrineer,  1569  Walton  Way, 
Augusta.  Ga. 

Chief  of  Electrical  Department,  Edison 
Electric  Light  Co..  909  Walnut  St.; 
residence.  4230  Chester  Ave.,  Phila- 
delphia, Pa. 

10  West  23d  St.:  residence,  1125 
Madison  Ave.,  New  York  City. 

Electrical  Engineer,  General  Electric 
Co.;  residence,  92  Hamilton  Ave., 
Lynn,  Mass. 

Electrical  Workshop  Supt.  W.  C.  &  S. 
W.  Telephone  Co.,  88  Colston  St., 
Bristol,  Eng. 

Superintendent  of  Construction,  West- 
em  Electric  Co.,  4438  Ellis  Ave., 
Chicago,  111. 

Electrical  Engineer,  Trenton  Iron  Co., 
Trenton,  N.  J. 

Ely,  Wm.  Grosvenor,  Jr.  72  Washington  Ave.,  Schenectady, 
N.  Y. 

Emmet,  Herman  L.  R.  Publisher  and  Printer,  36  Cortlandt 
St.,  New  York  City. 

Ende,  Siegfried  H.  148  E.  84lh  St.,  New  York  City. 

Entz,  Justus  Bulk  ley     Electrical  Engineer,  Electric  Storage 
Battery  Co.,  19th  St.,  and  Allegheny 
e..  Ph 


Edgar,  C.  L. 

Edwards,  James  P. 
Eglin,  Wm.  C.  L. 

Eidlitz,  Chas.  L. 
Ekstrom,  Axel 

Eley,  Harris  H. 

Ellicott,  Edward  B. 

i.Mi£R,  vVilliam,  Jr. 


Erickson,  F.  Wm. 
EssicK,  Samuel  V. 

EsTY,  William 

Etheridge,  Locke 


Ave..  Philadelphia,  Pa. 

Edison  Electric  Illuminating  Co.,  3 
Head  Place,  Boston,  Mass. 

Electrician.  Consolidated  Telegraph 
and  News  Co.,  53  Park  Place.  New 
York;  residence,  Yonkers,  N.  Y. 

Assistant  Professor  of  Electrical  Engi- 
neering, State  University,  Urbana, 
111. 

Chicago  Telephone  Co.;  residence, 
4714  Kenwood  Ave.,  Chicago,  111. 


Date  of  Eleciion. 
April  15,  1884 

Sept.   19.  1894 
June  20,  1894 

Sept.  19,  1894 

Jan.    22,  1896 
April  19,  1892 

Sept.   19,  1894 
Sept.  19,  1894 

June   17,  1890 

Jan.      7,  1890 

Sept.  19,  1894 

Mar.   18,  1890 

Mar.  21,  1893 

April  15,  1884 
Jan.     17,  1894 

Jan.      7.  1890 
Sep.    19,  1894 

May    19,  1 891 

Mar.    20,  189s 
Oct.     17.  1894 
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Name. 
'Etheridgb,  £.  L. 

Evans.  Edward  A. 


Eyre,  M.  K. 


Address.  Date  of  Election. 

Care  of  J.  P.  Hall,   143   Liberty  St., 

New  York  City.  Dec.   20,1893 

Actio);:  Chief  Engineer,  The  Quebec. 
Montmorency  and  Charlevoin  Rail- 
way, Quebec,  Canada.  Jan.    22,  1896 

Assistant  to  Manager  of  Lamp  Sales, 

General  Electric  Co.,  Harrison,  N.  J.     Oct.    17,  1894 


Farnsworth,  Arthur  J.    Chief  Engineer,  Larchmont  Electric 
Co.,  Mamaroneck,  N.  Y. 


Fay,  Thomas  J. 
Fielding,  Frank  E. 

[Life  Member.] 

Fischer,  Gustave  J. 
Fisher,  Henry  W. 

FiSKE,  Henry  G. 
Fiske,  J.  P.  B. 


•*C.  &  C."  Electric  Co.,  143  Liberty 
St.,  New  York  City. 

Chemist  and   Assayer,  Virginia  City, 

Nev. 

Engineer  for  Tramway  Construction, 
Public  Works  Department,  Sydney, 
N.  S.  W. 

Electrician  and  Director  of  Elec.  and 
Chem.  Laboratories:  The  Standard 
Underground  Cable  Co.,  Pittsburg, 
Pa. 

Electrician.  45  E.  22d  St.,  New  York 
City. 

Railway  Engineering  Dcp't,  General 
Electric  Co.,  Schenectady,  N.  Y. 


Jan.  16,  1895 

June  26,  1 891 

Sept.  6,  1887 

Jan.  20,  1 891 

Jan.  16,  1895 

Nov.  12,  i88g 

June  17,  1890 


Flagg,  Stanley  G.,  Jr.   Stanley  G.    Flagg  &   Co.,    19th  St., 

and  Penna.  Ave.,  Philadelphia,  Pa.      April  18,  1893 

Flanagan,  Thomas  Francis    Supt.and  Electrician,  Portsmouth 

Gas  Light  Co..  Portsmouth,  N.  H       Jan.     17,  1894 


Flather,  John  J. 

Flegel,  Geo.  C. 
Fleming,  Richard 

Flesch,  Charles 
Flint,  Bertram  P. 


Flood,  J.  F. 
Floy,  Henry 

Foote,  Allen  R. 
Foote,  Charles  W. 

Foote.  Thos.  H. 

Forbes,  Francis 


Professor  of  Mechanical  Engineering, 

Purdue  University,  Lafayette,  Ind.       April  19,  1892 

East  Chicago,  Ind.  Sept.  20,  1893 

Electrician.  Navy  Yard.  N.  Y.;  resi- 
dence, Jamaica,  N.  Y.  Oct.    18,  1893 

Electrical  Engineer,  AUgemeine  Elek- 
tricitats-Gesellschaft,  22  Schiffbauer- 
damm,  Berlin,  N.  W.  Germany.  Sept.  27,  1892 

Electrical  and  Mechanical  Engineer, 
hupt.  Washington,  Alexandria  and 
Mt.  Vernon  Klectric  Railway  Co., 
Washington,  D.  C.  Jan.     17,  1894 

Sup't  Steuben ville  Traction  Co.. 

Steubenville,  O.     Mar.   18,  1890 

Engineering  Dep't  Westinghouse  Elec- 
tric and  Mfg.  Co.,  Pittsburg;  resi- 
dence, Edgewood  Park,   Pa.  May    17,  1892 

Export  Journal,  New  York  City.  April  21,  1891 

Engineer, 


Consulting        Electrical 
Pomona,  Cal. 


Sept.  22,  1891 


Electrical  Engineer,  C   &  C.  Electric 
Co.,  Garwood,  near  Westfield,  N.  J.     April  21,  1891 

Lawyer,  32  Nassau  St.,  New  York  City.     Sept.  16,  1890 
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Name. 
Forbes,  George 

Ford.  Wm.  S. 


fortrnbaugh,  s.  b. 

Foster.  Samuel  L. 

Framcisco,  M.  J. 
Frantzen,  Arthur 


Address. 
Electrical  Engineer.  34  Great  George 
St.,  London,  Eng. 

Assistant    to  Chief    Engineer,    The 

American  Bell     Telephone     Co. 

Room   73,  125    Milk   St..    Boston 
Mass. 

Asst.  Prof.  0/  Electrical  Engineering, 
University  of  Wisconsin,  Madison, 
Wis. 

Electrical  Engineer,  Market  St.  Rail- 
way Co.  19  Hobart  Bidg.:  residence, 
839  24th  St.,  San  Francisco.  Cal. 

President  and  General  Manager,  Rut 
land  Electric  Light  Co.,  Rutland, Vt 

Electrical  Contractor,  353  Dearborn 
St.,  Chicago.  111. 

French,  Prof.  Thomas,  Jr.  Ph,D.  Avon'lale,  Cincinnati,  O. 

Frenyear,  Thomas  C.  Wrstinghouse  Electric  and  Mfg.  Co  , 
Erie  County  Bank  Bldg..  Buflfalo, 
N.  Y. 

Frey,  Charles  P.  Electrician.  The  E.  S.  Greeley  &  Co., 

5  and  7  Dcy  St.,  New  York  City. 

Fridenberg,  Henry  Leslie.  M.  E.  Stanley  Mfg.  Co.,  (Meter 
Dept.,)  Pittstield,  Mass. 

Friedlaender,  Eugene  Electrician,  Carnegie  Steel  Company. 
Duquesne,  Pa. 

Westinghouse  Electric  and  Mfg.  Co., 
427  .South  Ave.,  Wilkinsburg,  Pa. 

Secretary.  National  Automatic  Fire 
Alarm,  335  Broadway,  New  York 
City. 

Meriden,  Ct. 

Vice-President,  Estey  Organ  Co., 
Brattleboro,  Vt. 

Consulting  and  Supervising  Engineer, 
99  Cedar  St.:  residence,  1190  Madi- 
son Ave.,  New  York  City. 

Electrician.  Swift  &  Co.,  Chicago,  111. 

4531  West  Pine  Boulevard.  St.  Louis, 
Mo. 

Superintendent.  The  Self-Winding 
Clock  Co.,  163  Grand  Ave.,  Brook- 
lyn, N.  V. 

Supt.  of  Motive  Power,  The  Metro- 
politan West  Side  Elevated  Railroad 
Co.,  146  Throop  St.,  Chicago,  111. 

President  and  Electrical  Engineer,  The 
Gerson  Electrical  Mfg.  Co., 804  Wal- 
nut St. :  residence,  Lansdowne,  Pa. 

Gherardi,  Bancroft,  Jr.,  Assistant  in  the  Engineering  Dept. 
Metropolitan  Tel.  &  Tel.  Co.;  resi- 
dence, 30  East  33d  St.,  N.  Y.  City. 


Frost,  Francis  R. 
Frost,  Joseph  W. 

Fuller,  Frank  G. 
Fuller,  Levi  K. 

Gallaher,  Edward  B. 

Gali.etly,  J.  Fred. 
Garrels,  W.  L. 

Gerry,  James  H. 
Gerry,  M.  H.,  Jr. 
Gersov,  Louis  Jay 


Giles.  Walter  A. 


Goubert    Mfg.  Co.,  29   Cortlandt   St  , 
New  York  City. 
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Date  of  El«cu<m. 

Feb.  21,  1894 

June  7,  1892^ 

April  17,  1895- 

Feb.  26,  1896 

June  17,  1890- 

Feb.  21,  1894 

Sept.  20,  1 89 J 

Sept.  25,  X89S  . 

June  6,  1895 

Jan.  16,  189s 

Nov.  20,  189s 

Dec.  20,  1893; 


Mar.  20,  189s 
Oct.     19,  1894 

Mar.      5,  188^ 


Jan.     19,  1895 
Mar.   21.  1894 

Mar.  20.   1895 

April  18,  1894 

April  18,  1893. 

Sept.  19,  1894 

June  27.  1895 
Nov.     I.  iSSt 
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Name. 
GiLLILASD,  E.  T. 

GiLMORE,  LUCIEN  H. 

Glading,  Frank  W. 
Gladstone,  James  Wm. 

GOLDMARK,  ChAS.  J. 


Gorton,  Charles 
Gordon,  Reginald 


Address. 
Pelham  Manor,  N.  Y. 

Prof,  of  Physics  and  Electrical  Engi- 
neering. Throop  Polytechnic  Insti- 
tute, Pasadena,  Cal. 

M,  £.,  M.  S,     Lecturer  on    Electricity, 
2005  E.  York  St.,  Philadelphia,  Pa. 

Manager.  Edison  Mfg.  Co.,  no  East 
23d  St. ;  residence, West  Orange, N.J. 

Electrical  Engineer,  49  Liberty  St  , 
and  473  Park  Ave.,  New  York  City. 

GOLDSBOROUGH,  WiNDER  E.,  Af.£.,  Associate  Professor  of  Elec- 
trical Engineering,  Purdue  Univer- 
sity, Lafayette.  Ind. 

Civil  Engineer,  Belmont,  N.  Y. 

Tutor  in  Physics,  Columbia  College, 
residence,  339  Lexington  Ave.,  New 
York  City. 


GossLER,  Philip  G. 
GoTT,  Clarence  P. 


Electrical  Engineer,  Royal  Electric  Co. 
94  Queen  St.,  Montreal,  P.  Q. 


Chief  Engineer  and  Electrician  Grand 
Central  Palace;  residence.  83  Wash- 
ington PUce,  New  York  City. 

Graham,  George  Wallace    741  Marcy  Ave.,  Brooklyn,  N.  Y. 

Gray,  W.  N.  Electrical  Engineer,  200  Neave  Build- 

ing,  Cincinnati,  O. 

Senior  I'artner,  Firm  of  Griffes  and 
Summer,  307  South  Main*  St.,  Los 
Angeles,  Cal. 

first  Vice-President,  General  Electric 
Co.,  Schenectady,  N.  V.:  residence, 
323  Sjate  St  ,  Albany,  N.  Y. 

Mechanical  Engineer,  Pennsylvania 
Iron  Works  Co. .  sf>th  and  Lancas- 
ter Ave. ;  residence.  918  North  44th 
St.,  Philadelphia,  i'a. 

Electrician.  Tennessee  Coal,  Iron  and 
R.R.  Co.,  Ensley,  Ala. 

Electrician  and  Chemist,  Ansonia 
Brass  and  Copper  Co.,  Ansonia, 
Conn. 

Secretary,  The  New  York  Electrical 
Society,  203  Broadway,  New  York 
City. 

Electric  Heating  Engineer,  107  Liberty 
St.,  New  York  City. 

Assistant  Electrician  to  Chief  Electri- 
cian and  Gen'l  Supt.,  Fort  Wavne 
Electric  Corporation,  149  Griffith 
St.,  Fort  Wayne,  Ind. 

30  Cortlandt  St.,  New  York  City. 

Hakonson,  Carl  Harold    Ass't  Engineer.  Gen'l  Electric  Co., 
P.  O.  Box  254,  Schenectady,  N.  Y. 


Griffes,  Eugene  E. 
Griffin,  Capt.  Eugene 
Grist,  James  E. 

Gross,  S.  Ross 
Grower,  George  G. 

Guy,  George  Heli 

HADAWAy,  W.  S.,  Jr. 
Hadley,  Arthur  L. 

Hadley,  Warren,  B. 


Date  of  Election 
April  15,  1884 

Mar.  20,  1895 
May  15,  1894 
April  18,  1894 
June   5,  1888 

Mar.  21,  1893 
Nov.  12,  1889 

Feb.  34,  1 891 
June  20,  1894 

Nov.  20,  1895 
Dec.  19,  1894 

Oct.  I,  1889 
Feb.  26,  1896 
Feb.   7,  1890 

Mar.  20,  1895 
May  17,  1892 

Mar.  18,  1890 

May  16,  1893 
Nov.  21,  1894 


Oct.  17,  1894 
June  26,  1891 

Sept.  25.  i89> 
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Name. 

Hall,  Edward  J. 
Hall,  Edwin  H. 
Hall.  William  P. 

Halsey,  William  B. 


Addren.  Date  of  Election. 

Vice-President  and  General  Manager, 
American  Telephone  and  Telegraph 
Co.,  iSCortlandtSt  , New  York  City.    April  18,  1893 

Assistant  Professor  of  Physics,  Har- 
vard College,  Gorham  St.,  Cam* 
bridge,  Mass. 


President,  The  Hall  Signal  Co..  Vice- 
President  The  Johnson  Railroad 
Signal  Co.,  80  Broadway,  New  York 
City. 

Electrician  and  Ilorologist,  246  Elton 
St.,  Brooklyn,  N.  Y: 

Hammatt,  Clarence  S.   Supt.,  Jacksonville  Electric  Light  Co., 
Jacksonville,  Fla. 

Hancock,  L.  M.  P.  O.  Box  151.     Nevada  City,  Cal. 

Harding,  H.  McL.  253  Broadway,  New  York  City. 

Harrington,  Walter  E.  Electric  Railway  Engineer,  307  Mar- 
ket St.,  Camden,  N.  J. 


Harris,  George  H. 

Harris,  W.  C,  Jr. 
Harrison,  Harold 
Harrison,  Russell  B. 

Hart,  Francis  R. 

Hartman,  Herbert  T. 
Harvey,  Robert  R. 

[Life  Member.] 
Hatzel,  J.  C. 

Haviland,  Foster  L. 

Heath,  Harry  E. 

Healy,  Louis  W. 
Hedenberg,  Wm.  L. 


Electrical  Engineer.  Birmingham  Rail- 
way and  Electric  Co.,  Birmingham, 
Ala. 

Electrician,  Harris  &  Williamson,  Bir- 
mingham, Ala. 

New  Yojk  Representative.  Slater 
Engine  Co.,  Montclair,  N.  J. 

Pres.  and  Electrical  Engineer,  Terre 
Haute  Electrical  Railway  Co.,  Terre 
Haute,  Ind. 

President  and  General  Manager,  Carta- 
gena-Magdalena  Railway  Co.,  care 
of  Old  Colony  Trust  Co.,  i  Court 
St.,  Boston,  Mass., 

Works  Engineer.  Peterborough  Fac- 
tory, Canadian  General  Electric  Co., 
Peterborough,  Oiit. 

10  So.  Franklin  St.,  Wilkes- Barre,  Pa. 

Electrical  Engineer  and  Contractor, 
114  Fifth  Ave.,  New  York  City. 

19  Beekman  Street ;  residence,  163  St. 
Nicholas  Ave.,  New  York  Cily. 

Assistant  Electrical  Engineer,  Eddy 
Electric  Mfg.  Co.,  Box  189,  Wind- 
sor, Conn. 

Mechanical  Engineer's  Office,  Altoona, 
Pa. 

Firm  of  Hedenberg  &  Kinsey,  Con- 
sulting and  Constructing  Engin- 
eers, 108  Fulton  St.;  residence,  83 
Clinton  Place,  New  \'ork  Cily. 

Henderson,  Henry  Banks  Graduate  Student  Cornell  Univer- 
sity, 686  Willoughby  Ave.. Brooklyn, 
N.  Y. 

Herdman,  Frank  E.  Mechanical  and  Electrical  Engineer. 
Crane  Elevator  Co.,  Winnetka,  111 


Sept.    3,  1889 

Sept  16,  1890 

Mar.    18,  1890 

Sept.  20,  1893 
May  19.  1891 
May    24,  1887 

Mar.    17,  1891 

June  20,  1894 
April  17,  1895 
Feb.    31,  1894 

Sept  25,  189s 

April  21,  1891 

Mar.  21,  1893 
Sept.  25,  189s 

Sept.  3,  1889 
May    15,  1894 

Mar.  21.  1893 
June   26,  1 89 1 

Nov.  21,  1894 

May  21,  189s 
Dec.    18,  1895 
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Name.  Address. 

Hessenbruch,  George  S.  Student  at  the  College  at  Berlin, 
Berliner  Str.  75,  Charlottenburg, 
Germany. 

Heu'itt,  Charles  E.  Electrician,  Hycr-Sheehan  Electric 
Motor  Co.,  100  Johnson  St.,  New- 
burgh.  N.  Y. 

Hewitt,  William  R.  Superintendent,  Fire  Alarm  and  Police 
Telegraph,  9  Brenham  Place,  San 
Francisco,  Cal. 

Hewlett,  Edward  M.  Electrical  Engineer,  Railway  Dept. 
General  Electric  Co.,  Schenectady, 

N.  Y. 


Date  of  Election^ 
Sept.  25.  189s 
Sept.  25,  1895 
May    15,  1894 

May    19,  1 891 

April  19,  1892 

Mar.  20,  1895 

April  18,  1894 
April  15,  1884 

May  15.  1894 
June   17,  1890 

Sept.  19,  1894. 

Holt,  Marmaduke  Burrell,  Mining  and  Electrical  Engineer, 

287  Lexington  Ave.  New  York,  N.Y.     April  15,189a 

Hood,  Ralph  O.  Electrical  Engineer.  Danvers,  Mass.       April  18,  1894 

Hopkins,  Nevil  Monroe    Scientific  Literature,  1730  I  Street. 
Washington,  D.  C. 


Hill,  George,  C,E. 
Hiss.  Wm.  J.,  Jr., 

Hobart,  Henry  M. 


Consulting  Engineer,  44  Broadway, 
New  York  City. 

Metropolitan  Telephone  and  Telegraph 
Co..  18  Cortlandt  St.,  New  York, 
residence,  44  Munn  Ave.,  East 
Orange,  N.  J. 

Engrincer,  General  Electric  Co.,  Sche- 
nectady, N  Y. ;  residence.  242  Mass- 
achusets  Ave..  Boston,  Mass. 

HOCHHAUSEN,  WiLLiAM  Electrician,  74  Hanson  PI.,  Brooklyn, 
N.  Y. 

HoLBERTON,  George  C.  Engineer.  Oakland  Gas  Light  and  Heat 
Co.,  13th  and  Clay  Sts.,  Oakland, 
Cal. 

HoLCOMB,  Eugene  R.       [Address  unknown.] 


Hollerith,  Herman 


Hollerith  Electric  Tabulating  System, 
1054  31st  St.,  Washington,  D.  C. 


Hornsby,  Harry  H. 
HowsoN,  Hubert 
Hubbard,  Albert  S. 


Electrical   Inspector,    16    City    Hall, 
Chicago.  111. 


Patent  Lawyer.  38  Park  Row,-  New 
York  City. 

Electrical  Engineer.  Alexander-Cham- 
berlain Electric  Co.;  residence,  223 
E.  36th  St.,  New  York  City. 

Hubbard,  William  C.  Engineering  Department.  Marks- Ayer 
Electric  Co. .  73  Walts  St. ,  New  York 
City;  residence.  109  West  5th  St., 
Plainfield,  N.  J. 

Hubley,  G.  Wilbur  Electrical  Engineer,  Louisville  Electric 
Light  Co. ;  residence,  Kenton  Club, 
Louisville,  Ky. 

HUBRECHT,  Dr.  H.  F.  R.  Director,  Nederlandsche  Bell  Tele- 
phone Co.,  Amsterdam,  Holland. 

Hudson,  John  E.  President,  The  American  Bell  Tele- 

phone Co.,  125    Milk  St.,  Boston, 
Mass. 


Nov.  20,  1895 
June  27,  1895 
June     8, 1887 

Nov.  20,  1895 

April  18,  1894 

Sept.  19.  1894 
Oct.      4,  1887 


Dec.    20,  1893. 
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HUGUET,  ChaS.  K. 


Address. 
Westingbouse  E.  &  M.  Co.,  East  Pitts- 
burg, Pa.:  residence,  745   Wallace 
Ave.,  Wilkinsburg,  Pa. 

Manager,  Lawrence  Gas  Co.,  and 
Edison  Electrical  HI.  Co.,  Law- 
rence. Mass. 

Electriciin.  W.  R.  Fleming  &  Co..  203 
Broadway,  New  York  City. 

General  Manager,  Buffalo  General 
Electric  Co.,  40  Court  St.,  Bufialo, 

N.  Y. 

Hutchinson,  Frederick  L.     Electrical  Engineer  with  Westing- 
house  Electric  and  Mfg.    Co.,   East 


Humphreys,  C.  J.  R. 

Hunt,  Arthur  L. 
Huntley,  Chas.  R. 


Pittsburg,  Pa. 

Havemeyer  Building,  26Cortlandt  St., 
New  York  City. 

Electrical  Engineer,  Otis  Electric  Co., 
Yonkers,  N.  Y. 

Assistant,    Wagner   Elec.    Mfg.    Co., 
2017  Lucas  Place,  St.  Louis.  Mo. 

Consulting  Engineer  and  Expert,  1669 
Second  Ave.,  Pittsburg,  Pa. 

President,   Chicago   Edison   Co.,  513 
Rookery,  Chicago,  111. 

Electrician.   19  Second  St.,  Nakanosh- 
ima,  Japan. 

Electrical  Engineer,  Room    1409,  315 
Dearborn  Si  ,  Chicago,  111. 

Jaeger,  Charles  L.  Inventor,  Maywood,  N.  J. 

Jackson,  Theodore  K.  Siemens  and  Halske  Electric  Co.  of 
America;  residence,  137  56ih  Street, 
Chicago,  111. 


I  dell,  Frank  E. 
Ihlder,  John  D. 
IijiMA  Zentaro, 
Ingold.  Eugene 
Insull,  Samuel 
iwadare,  kunihiko 
Izard,  E.  M. 


Johnston,  W.  J. 
Jones,  Arthur  W. 
Jones,  F.  R. 
Jones.  G.  H. 

Jones,  Henry  C. 

Judson,  Wm.  Pierson 
Kammeyer.  Carl  E.* 
Keeper,  Edwin  S. 

Keilholtz,  p.  O. 


7^he  Electrical  World,  253  Broadway. 
New  York  City. 

Care  of   II.   H.    Kinsfsbury.  Sydney, 
N.  S.  W. 


Date  of  Election. 

June  27,  1895 

Sept.  6,  1887 
Sept.  19,  1894 

Sept.  25,  1895 

June  20,  1894 

July  12.  1887 

Oct.  2,  1888 

Jan.  22, 1896 

April  18,  1894 

Dec.  7,  1886 

Sept.  20,  1893 

Mar.  5,  1889 
Dec.   20,  1893 

May  21,  1895 
April  15,  1884 
Oct.    17.  1894 


Professor  of  Machine  Design,  Uni- 
versity of  Wisconsin,  Madison,  Wis.     May    20,  1890 

Agent,  General  Electric  Co.,  Casilla  18 
D  Santiago ;  residence,  Iquiqut, 
Chili.  April  17,  1895 

Member  of  Firm,  the  Electric  Construc- 
tion and  Supply  Co.,  Montgomery, 
Ala.  Mar.   20,  T895 

U.  S.  Civil  Engineer.  Oswego,  N.  Y.      June      8,  1887 

Electrical  Engineer,  Maywood  111. 


Sept.    19,  1894 


Supt.  of  Electric  Light  Construction. 
Western  Electric  Co..  22  Thames  St.. 
New  York  City;"  residence,    Eliza- 
beth. N.  J. 

U.  S.  Electric  Power  and  Light  Co., 
HoUiday  and  Ceutre  Sts.,  Baltimore, 
Md. 


April  18,  1894 


M«,«..,^3 
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Keller,  Chas.  L.  5940  East  End  Ave.,  ChicagOt  111. 

Keller,  £.  £.  Vice-Frest.    and     General    Manager, 

Westinghouse     Machine    Co ,    224 
Murtland  Ave.,  Pittsburg,  Pa. 

Keller.  Edwin  R.,  M.E.  Mechanical  and  Electrical  Engineer, 
Falkenau  Engineering  Co.,  Ltd., 
711  Reading  Terminal.  4823  Spring- 
field Ave.,  Philadelphia.  Pa. 

M.E,    General    Electric    Co.,    Lighting 
Dept.,  Schenectady,  N.  Y. 

[(Manager.)  Electrician,  Firm  of  Hous- 
ton  &  Kennelly,  1105-1106  Betz 
Bldg.;  residence,  Ihe  Landsowne, 
41st  St.  and  Elm  Ave.,  Philadelphia, 
Pa. 

Instructor  of  Electricity,  Hebrew 
Technical  Institute,  36  Stuyvesant 
St.,  New  York  City.  Residence,  43 
Waverly  St.,  Jersey  City,  N.  J. 

Mechanical  and  Electrical  Engineer, 
106  Fulton  Street,  New  York  City  ; 
residence,  Giffords,  Staten  Island. 
N.  Y. 

Electrical  Engineer,  General  Electric 
Co.,  Schenectady,  N.  Y. 

Dept.  Electrical  Engineering,  Lehigh 
University,  South  Bethlehem,  Pa. 

With  C.  T.  Ryan,  Croton-on-Hudson, 
N.  Y.  * 

Student  in  Electrical  Engineerin^?. 
Columbia  College.  School  of  Mines; 
Residence,  32  West  129th  St.,  New 
York  City. 

Editor  and  Publisher,  Western  Elec- 
trician, 510  Marquette  Building, 
Chicago,  III. 

Chief  Engineer,  in  charge  business  of 
the  Lamb  Electrical  Cableways.  The 
Trenton  Iron  Co.,  No.  i  Broadway; 
residence,  72  W.  69th  St.,  New  York. 

Globe  Hotel,  Syracuse.  N.  Y. 

Manager  and  Superintendent  Con- 
struction, Nebraska  Telephone  Co., 
Omaha,  Neb. 

Instructor  in  Electrical  Engineering, 
Maine  State  College,  Orono,  Me. 

Patent  Dept.,  General  Electric  Co., 
44  Broad  St.,  New  York  City.    • 

Lard.ner,  Henry  Acklev  Instructor  in  Electrical  Engineer- 
ing, State  College,  Penn. 

Larned,  Sherwood  J.  Electrical  Engineer,  Chicago  Tele- 
phone Co.,  203  Washington  St., 
Chicago,  III. 

Larrabee,  Rollin  N.        Marble  City  Electric  Co.,  Rutland,  Vt. 


Kellogg,  James  W., 
Kennelly,  Arthur  E. 

[Life  Member.] 


Ker,  W.  Wallace 

KiRKEGAARD,  J.  GEORG 

Kirkland,  John  W. 
Klinck,  J.  Henry 
Knox,  Frank  H. 
Knox,  James  Mason 

Kreidler,  W.  a. 
Lamb,  Richard 

Land,  Frank 
Lane,  Vance 

Lanphear,  Burton  S. 
Lanman,  William  H. 


Date  of  Elecdoa. 
Oct.  17,  1894 


Sept.  20,  1893 

Mar.  21,  1894 
June  26,  1 89 1 

May   I,  1888 

Sept.  25,  1895 

Sept.  20,  1893 
Mar.  21,  1894 
Jan.  16,  1895 
June  .20,  1894 

Jan.  17,  1894 
Oct.   4,  1887 


Dec.  18,  1895 

Sept.  22,  1 89 1 

Dec.  19,  1894 

Jan.  16,  1895 

June  6,  1893 

Dec.  19.  1894 

Oct.  17,  1894 

Mar,  20.  1893 
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Lawton,  W.  C.  RoscHc.  N.  J. 

LeBlanc,  Charles  European  Agent  of  the  Walker  Mfg. 

Co   of  Cleveland,  O.:  24  Boulevard 
des  Cepacines,  Paris.  France. 

LeConte,  Joseph  Nisbet    Instructor  in  Electrical  Engineering, 
Stote  University,  Berkeley.  Cal. 

Ledoux,  a.  R..  M,  S.,  Ph.D.,  9  Cliff  St.,  New  York  City. 


Lee,  John  C. 


Lenz,  Charles  Otto 


Le  PoNTOis,  Leon. 


Leslie,  Edward  A. 


Lester.  William  B. 


Levis,  Minford 


Levy,  Arthur  B. 


LiEBiG,  Gustav  a.,  Jr. 
LiLLEY,  L.  G. 


Lincoln,  Paul  M. 
Lindner,  Chas.  T. 

Lindsay,  Wm.  E. 

Lloyd,  John  E. 

Loewenherz,  Herman 


Chemist  and  Electrician,  American 
Bell  Telephone  Co.,  Mountfort  St.. 
Longwood,  Brookline,  Mass. 

Electrical  Engineer.  Room  510,  Indus- 
trial Trust  Bldg..  Providence.  R.  I. 

Electrical  Engineer,  The  Westingbouse 
Elec.  and  Mfg.  Co.,  Pittsburg.  Pa. 

Vice-President  and  Manager.  Man- 
hattan Electric  Light  Co..  Ltd., 
New  York  City;  residence.  343 
Hancock  St.,  Brooklyn.  N.  Y. 

Western  Union  Telegraph  Co..  195 
Broadway:  residence,  346  Lenox 
Ave.,  New  York  City. 

Superintendent,  and  Electrical  Engin- 
eer, Novelty  Electric  Co.,  54  North 
4tb  St.,  Philadelphia.  Pa. 

Assistant  Engineer,  Arc  Light  Dept., 
General  Electric  Co.,  Sio  Lexington 
Ave.,  New  York  City. 

Lewis,  Henry  Frederick  William,    Redlands.  48  Sydenham 
Road,  Croydon,  Surrey,  England. 

Tarrytown,  N,  Y. 

Electrical     Inspector,     Underwriters* 
*  Association  of  Cincinnati,  S.  W.  Cor. 
3d  and  Walnut  Sts.,  Cincinnati,  O.; 
residence,  Wyoming,  O. 

Electrician -in-charge.  Cataract  Con- 
struction Co.,  Niagara,  Falls,  N.  Y. 

Martin  &  Lindner,  Electrical  Engineers. 
Luning  Building,  '  San  Francisco. 
Cal.,  residence,  Berkeley,  Cal. 

Chief  Engineer  and  Electrician,  Swift 
&  Co ,  National  Stock  Yards,  East 
St.  Louis.  111. 

Assistant  Chief  Engineer,  Philadelphia 
Traction  Co.;  residence,  2008  N. 
i8th,  St.,  Philadelphia.  Pa. 

Assistant  to  Engineer,  Met.  Tel.  and 
Tel.  Co..  18  Cortlandt  St..  New 
York  City;  residence,  311  Hudson 
St.,  Hoboken. 


LOOMIS,  OSBORN  P. 

Low,  George  P. 


Date  of  Elcctioa 
June     6,  1895. 

April   17,  1895. 

Feb.  27,  1895 
Dec.     7.  1886- 

Mar.  18,  1890- 
Mar.  15,  1892 
Dec.  18.  1895 

Jan.  16,  1895. 
Jan.  16,  1895. 
Feb.  21,  1893. 

Jan.  20.  1 891 

Mar.  5,  1889^ 
Mar.  6.  1888 

June  20,  1894 
Sept.  25,  1895 

Dec.   20,  1893 

April  17,  1895 

Jan.    22,  1896 


Electrical  Engineer, Bound  Brook, N.J. 

Consulting  Electrical  Engineer,  Elec- 
trical Inspector.  Pacific  Insurance 
Union,  303  California  St.,  San  Fran- 
cisco, Cal. 
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Name. 
I^oziER,  Robert  T, 


LuDLAikf,  Harry  W. 
LuFKiN,  Harvey  L. 
LuNDELL,  Robert 


Address. 
Electrical  Engineer,  150  Nassau  St., 
New  York  City. 

With  Western  Electric  Co. ;  residence, 
480  Lexington  Ave.,  New  York  City. 

Crocker- Wheeler  Electric  Co.,  39  Cort- 
landt  St.,  New  York  City. 

Electrical  Engineer,  Interior  Conduit 
and  Insulation  Co.,  527  W,  34th  St., 
New  York;  residence,  47  Brevoort 
PI..  Brooklyn.  N.  Y. 

Luquer,  Thatcher,  T.  P.  Metropolitan  Telephone  and  Tele- 
graph Co..  18  Cortlandt  St.,  resi- 
dence, Bedford.  N.  Y. 

Lyman,  Chester  Wolcott,  M,  A.  Manager  Herkimer  Paper, 
Co.,  Herkimer,  N.  Y. 

Lyman,  James 

[Life  Member.] 

Maccoun,  Ellicott  Ass't  Supt.  of  the  Eleptrical  Dept.  The 

Carnegie  Steel  Co.,  Munhall,  Pa. 

MacCulloch,  Robert  C.  Manager.  Jos.  Lough  Electric  Co., 
503  Fifth  Ave.;  residence,  209  W. 
81st  St.,  New  York  City. 

MacFadden,  Carl  K.  Electrical  Engineer,  Gas  Engine  Dep't 
Western  Gas  Construction  Co.,  Fort 
Wayne,  Ind. 

Mackie,  C.  p.*  44  Broad  St.,  New  York  City ;  resi- 

dence, Englewood,  N.  J. 

MacMullan,  Robert  Heath,  Lafayette,  Ind, 


I  North  College  Street,  Schenectady, 
N.  Y. 


MacQuesten,  W.  D. 

Madden,  Oscar  E. 
Magee,  Louis  J. 

Malcolm,  Philip  S. 

Malia,  James  P. 

Mann.  Francis  P. 

Mann,  Robert  Bruce 
Martin,  A.  J. 

Martin,  Frank 


Electrical  Engineer  and  Contractor, 
Room  25,  15  Cortlandt  St.,  New 
York  City. 

41  and  43  Wall  St.,  New  York  City. 

Electrical  Engineer,  Director,  der 
Union  Elektricitats  Gesellschaft, 
Comeliusstr  i..  Berlin,  W.  Germany. 

Electrical  Engineer  and  Contractor, 
131  Sixth  St.,  Portland.  Ore. 

Electricim.  Armour  &  Co.,  5314 
Union  Ave.,  Chicago,  111. 

Maison  Breguet,  19  Rue  Didot,  Paris, 
France. 

643  Franklin  St.,  Milwaukee,  Wis. 

Complete  Electric  Construction  Co., 
121  Liberty  St.,  New  York  City, 

Electrical  Engineer,  Madison  Square 
Garden  Company,  New  York  City. 

Martin,  T.  Co.mmerford  (Past  President.)  Editor,  The  Elec- 
ttical  Engineer ,  203  Broadway, 
New  York  City. 

Mason,  James  H.  Electrical    Expert,-    10    Fifth    Ave., 

Brooklyn,  N.  Y. 


Date  of  Elect  ioa. 
May    20,  1890 

Dec.   18,  1895 

June   17,  1890 

Feb.     7,  1890 

June  26,  1 891 
Sept.  19,  1894 
Sept.  19,  1894 
Nov.   20,  1895 

Feb.   27,  1895 

Sept.  27,  1893 

Mar.  21,  1893 
Sept.  23,  1 89 1 

April  15,  1899 
April  15,  1884 

April  2,  1889. 
Mar.  18,  189a 
June  20,  1894: 

June  6,  1893; 
Sept.   25.  1 89 J 

Mar.    15,  189* 

Oct.    31,  1890 

April  15,  1884 
May    19,  1891 
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Matthews,  Charles  P.  Instructor  in  Physics,  Cornell  Univer- 
sity, Locust  Grove,  Ithaca,  N.  Y. 

Mauro,  Philip  Counsellor  at- Law  in    Patent    Causes 

(Pollock    &    Mauro),    620   F.    St., 
Washinjfton,  D.  C. 

Mayer,  Maxwell  M.  Mfr.  of  Dynamos  and  Motors,  411 
107th  St.,  E.  R.:  residence  242 
East  114th  St.,  New  York  City. 

Mayrhofer.  Jos.  Carl  Electrical  Engfincer,  165  W.  82d  St., 
New  York  City. 

McBride,  James  Superintendent.  N.  Y.  &  Boston  Dye 

Wood  Co.,  146  Kent  St.,  Brooklyn. 

N.  Y. 
McCarthy,  Lawrence  A.  Western  Union  Telegraph  Co.,  New 

York    City,     1053     Bedford     Ave., 

Brooklyn,  N.  Y. 

Manager,  Electrical  Dept.,  Plainfield 
Gas  and  Electric  Light  Co.,  207 
Madison  Ave.,  Plaintield,  N.  J. 

Electrical  Engineer,  La  Capital  Tram- 
way Co.,  715  Avenida  di  Mayo, 
Buenos  Aires,  Argentina. 

Mechanical  Supt..  The  Consolidated 
Car  Heating  Co.,  131  Lake  Ave., 
Albany,  N.  Y. 

Consulting  Engineer,  140  South  Main 
St. .  Salt  Lake  City,  Utah. 

Reed  &  McKibbin,  General  Street 
Railway  Contractors,  80  Broadway, 
New  York  City. 

General  Manager,  Cleveland  Tele- 
phone Co  .  316  Seneca  St.,  Cleve- 
land, O. 


McClurg,  W.  a. 

McCrosky.  James  W. 

McElroy,  James  F. 

McKay,  C.  R. 
McKibbin,  George  N. 


McKinstry.  J.  P. 

McKissicK,  A.  F. 

McMeen,  Samuel  G. 

McRae,  Austin  Lee 
Medina,  Frank  P. 

Mercer,  Andrew  G. 
Meredith,  Wynn 
Merrill,  E.  A. 

Merrill,  Josiah  L. 


Professor  of  Electrical  Engineering, 
The  A.  &  M  College  of  Ala., 
Auburn,  Ala. 

Assistant  Engineer,  Central  Union 
Telephone  Co.,  1306  Ashland  Block, 
Chicago.  111. 

Professor  of  Physics,  University  of 
Texas.  Austin,  Texas. 

Electrician,  Pacific  Postal  Telegraph 
Co.,  534  Market  St.,  San  Francisco, 
Cal. 

Electrician,  Waterloo  Electric  Co., 
Waterloo.  N.  Y." 

Electrical  Engineer,  Ilasson  &  Hunt, 
310  Pine  St.,  San  Francisco,  Cal. 

Electrical  Engineer,  Pierce  &  Miller 
Engineering  Co.,  26  Cortlandt  St., 
New  York  City. 

Ass't  to  Estimating  Engineer  of  the 
Construction  Department.  General 
Elec.  Co.,  Schenectady,  N.  Y. 


Date  of  Election. 

May  16,  1893 

Dec.  21,  1893 

Feb.  27.  1895 

June  20,  1894 

Sept.  27,  189a 

Jan.  19,  1892 

Dec  20,  1893 

Dec.  20.  1893 

Nov.  15.  189a 

Dec.  20,  1893 

June  8,  1887 

April  15,  1884 

Feb.  16,  1892 

Dec.  18,  1895 

May  17,  1892 

Sept.  19,  1894 

Sept.  3.  1889 

Jan.  17.  1894 

Sept  20,  1893 


Sept.  25,  1895 
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Name. 

Mkrritt,  Ernest 
^ERZ,  Chas.  H. 


Meyer,  Julius 
MlDDLEMlSS,  P.  R. 

Miller,  Joseph  A. 


Addres*.  Date  of  Election. 

Assistant  Professor  in  Physics,  Cornell 

University,  Ithaca.  N.  Y.  Sept.   i6,  1890 

British  Thomson- Houston  Ltd.,  38 
Parliment  St.,  London,  S.  W.;- resi- 
dence. The  Quarries,  Newcast1e-on- 
Tyne,  England.  Sept.  25.  1895 

Consuitinjir    Engineer,   44   Broad  St., 

New  York  City.  Oct.    25,  1893 

Post  Graduate  Student,  Mech.  and 
Elec.  Engineering.  Hotel  Germania, 
Schenectady,.  N.  Y.  Mar.   20,  1895 


Civil  and  Consulting  Engineer,  25 
Butler  Exchange,  Piovidence,  R.  L     Dec.     9,  1884 

Miller,  Wm.  C,  M.  S,     Electrical   Engineer,   3   South   Hawk 

St.,  Albany,  N.  Y.  Oct.    21,  1890 

Electrician   and    Inventor,    428    East 

Sixth  St.,  Plainficld,  N.  J.  July    12,  1887 

Constructing  Engineer  and  Agent, 
General  Electric  Co..  Caixa  do  Cor- 
reio  No.  954,  Rio  de  Janeiro,  Brazil.     Sept.  25,  1895 

Manager,  Oregon,  Washington  and 
Idaho  Agency,  General  Klectric  Co. , 
Fleischner  Building,  Portland,  Ore.     Nov.   12,  1889 

Electrician  and  Sup't,  The  Augusta 
Railway  Co.,  Augusta,  Gi.  Jan.    22,1896 

Consulting    Electrical    Engineer,    236 

W   22d  St.,  New  York  City.  Oct.     27,1891 

Mora,  Mariano  L.,  C.  E  ,  E.  E,,    63  West  70th  Street,  New 

York  City.  Mar.    20,  1895 

MoRDEY,  Wm.  Morris  Electrician,  Brush  Electrical  Engineer- 
ing Co.,  Redholtn.  Loughborough, 
London,  Eng.  Sept.  22,  1891 

General  Manager  and  Electrician, 
Alumbrado  Electrico  dc  Quezalte- 
nango,  Apartado,  No  44,  Quezalten- 


Miner,  Willard  M. 
Mitchell,  James 

Mitchell,  Sidney  Z. 

Moore,  Wm.  E. 
Monell.  Joseph  T. 


Morehouse,  H.  H. 


MoRLEY,  Edgar  L. 

Morrison,  J.  Frank 
Morse,  George  H. 

MoRss,  Everett 


ango,  Guatemala,  C.  A. 

Sup't  Hatzel  &  Buehler,  114  5th  Ave., 
New  York  City. 

15  South  St.,  Baltimore,  Md. 

Wagner  Electric  Mfg.  Co.  St.  Louis, 
Mo. 

Vice-President,  Simplex  Electric  Co.* 
303  Marlboro  St.,  Boston,  Mass 

Morton,  Henry,  Ph.D,  President  of  Stevens  Institute  of  Tech- 
nology, Hoboken,  N.  J. 

MosBS,  Dr.  Otto  A.  Electrician,    1037    Fifth   Ave.,    New 

York  City. 

MosES,  Percival  Robert,  E.  E,  Sprague  Electric  Elevator  Co., 
253  Broadway  :  residence,  46  West 
97th  St.,  New  York  Ciiy. 

Electrical  Engineer,  General  Electric 
Co.;  residence,  58  Washington  Ave., 
Schenectady.  N.  Y. 


Feb.    21,  1894 

Sept.  25,  1895 
April  15,  1884 

May    15,  1894 

Sept.  22,  1 89 1 

May    24,  1887 

May    17,  1887 

Dec.    19,  1894 


MosMAN,  Chas.  T. 


Mar.   20,  1895 
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Name.  Address. 

MosscROP,  Wm.  a.,  Af,E  Electrical  Engineer,  189  MonUgue  St., 
Brooklyn,  N.  Y. 

Morr,  S.  D.  Electricat    Engineer     and     Inventor, 

Passaic,  N.  J. 

MOTTRAM,  William  T.  M.  Electrical  Engineer,  Room  416, 
Trust  Building,  Dallas.  Tex. 

Electrician,  Strowger  Autom.  Tel.  Ex- 
change, 947  Rookery,  Chicago,  111. 

[Address  unknown.] 

Inventive  Engineer,  Penn  Building, 
Pittsburg.  Pa. 

Secretary  and  Treasurer,  Electrical  In- 
stallation Co.,  917  Monadnock  Build- 
ing. Chicago,  111. 

Electrical  Engineer,  R.  T.  Oakes  & 
Co..  366  High  St.,  Holyoke,  Mass. 

NiCHOi^ON,  Walter  W.  General  Supt.  Central  N.  Y.  Tele- 
phone and  Telegraph  Co.,  73 
Howard  Ave.,  Utica,  N.  Y. 

Partner,  Geo.  P.  Nichols  &  Bro.,  Elec. 
Engineers  and  Contractors,  1036 
Monadnock  Building,  Chicago,  111. 

Chief  Inspector,  City  Electrical  Inspec- 
tion, 175  Dearborn  St.,  Chicago,  III. 

Contracting  Electrical  Engineer.  504 
Townsend  St.,  Syracuse,  N.  Y. 

NuNN.  Richard  J.,  Af,D.  Physician,  119!  York  St.,  Savannah, 
Ga. 

Nutting,  Samuel  E.  Electrician  and  Supt.,  Nutting  Elec- 
tric .\Ug.  Co.,  241  South  Scoville 
Ave. ;  residence.  Oak  Park.  III. 

NvHAif,  J.  T.  Superintendent  and  Electrician,  Macon 

and  Indian  Spring  Electric  Railway, 
Macon,  Ga. 

OCKERSHAUSEN,  H.  A.  Electrical  Engineer,  65  Madison  Ave., 
Jersey  City,  N.  J. 

0*Dea,  Michael  Torpev  Professor  of  Applied  Electricity, 
University  of  Notre  Dame,  Notre 
Dame,  Ind. 


MUNNS,  Chas.  K. 

MusTiN,  Herbert  S. 
MvsRS,  Geo.  Francis 

Myirs.  L.  E. 
Newell,  Arthur  J. 


Nichols,  Geo.  P. 


Norton,  Elbert  F. 


Noxon.  C.  Per  Lee 


Olan,  Theodor,  J.  W. 

Olivetti,  Camillo 
Ormsbee,  Alex.  F. 


Civil  and  Electrical  Engineer,  65  West 
49th  St.,  New  York  City. 

Ingegnere  Industriale,  Ivrea,  Italy. 

Electrical    Engineer;    residence,    1 83 
Joralemon  St.,  Brooklyn,  N.  Y. 

Osborne,  Loyall  Allen  Assistant  Superintendent,  Westing- 
house  Electric  and  Mfg.  Co.,  Pitts- 
burg, Pa. 

OsTERBERG,  Max.  E.E,  Associate  Editor  Electric  Power,  27 
Thames  St..  and  Fellow  in  Me- 
chanics,Columbia  College,  residence, 
113  E.  65th  St.,  New  York  City, 


Date  of  Election. 

May  7,  188^ 

Sept.  30,  1893. 

Mar.  31.  1895 

Nov.  31,  1894 

Dec.  30,  1893 

June  17,  189a 

Sept.  19,  1894. 

Mar.  18,  189a 

May  15,  1894 

Jan.  32,  1896 

Dec.  20,  1893 

Oct.  17,  1894 

July  13,  1887 

Sept.  30,  1893. 

Feb.  37.  1895 

Sept.  6,  1887 

June  8,  1887 

May  16,  1893. 

Oct.  17,  1894 

June  37,  1895 

Oct.  18,  1893 


Jan.  17.  1894 
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Name. 
O'SUI.LIVAN,  M.  J. 


Address. 
Superintendent,  Electric  Light,  B.  &  O. 
R.  R.  Co. ;  residence,  227  Mount  St., 
Baltimore,  Md. 

Engineer,  Union  Elcktricitats  Gesell- 
scbaft.  KurfUrstenstrasse  97  III, 
Beriin.  W.  Germany. 

Professor  of    Electrical    Engineering, 

University  of    Ntbraska,    Lincoln, 

Neb. 
Assistant  in  Generating  Dcpt.,  Edison 

Elec.   Illuminating  Co.  of   Boston  ; 

residence.  Brook  line,  Mass. 

Assistant  Manager,  General  Electric 
Co.  Lamp  Works,  Harrison,  N.J. 

Electrician  and  Inventor,  157  Wash- 
ington St.,  Boston,  Mass. 

Tutor  in  Phvsics.  Columbia  College, 
21  Fort  Green  PL,  Brooklyn,  N.  Y. 

Parmly  C.  Howard.  S.M.,  E.E.  College  of  the  City  of  New 
York.  17  Lexington  Ave. ;  residence, 
344  W.  29th  St.,  New  York  City. 

Engineer,  The  British  Thomson- Hous- 
ton Ltd.,  52  Glengarry  Road,  East 
Dulwich,  London,  S.  E. 

31  E.  21st  St.,  New  York  City. 

Shcble&  Patton,  Ltd.,  1026  Filbert  St.; 
residence.  3926  Walnut  St.,  Phila- 
delphia, Pa. 

15  Cortlandt  Street.  New  York  City  ; 

residence,  87  Monroe  St.,  Brooklyn, 

N.  Y. 
Electrician,    Apartado    403,    City    of 

Mexico,  Mexico. 

Pedersen,  Frederick  Malling  Assistant  Electrical  Engineer, 
Crocker-Wheeler  Electric  Co.,  Am- 
pere, E.  Orange,  N  J.;  residence, 
327  W.  34th  St.,  New  York  City. 

Assistant  Manager,  Baltimore  Smelt- 
ing  and  Rolling  Co.,  Keyser  Bldg, 
German  and  Calvert  Sts.,  Balti- 
more, Md. 

Electrical  Engineer  and  Contractor, 
774  Prospect  Ave.,  Buffalo,  N.  Y. 

Superintendent  FireAlaim  Telegraph, 
Rutherford,  N.  J. 

With  Western  Union  Telegraph  Co., 
195  Broadway,  New  York  City. 

Electrician,  in  charge  of  Electrical 
Plant,  Hon.  Levi  P.  Morton,  Rhine- 
cliff.  N.  Y. 

Manufacturer  Insulated  Electric  Wire, 
Providence,  R.  I. 


Otte.m,  Dr.  Jan  D. 


Owens.  R.  B. 


Paddock,  B.  C,  Jr. 


Page,  A.  D. 


Parcellb.  Albert  L. 


Parker.  Herschel  C. 


Parry,  Evan 

Parsell,  Henry  V.,  Jr 
Patton,  Price  I. 

Peck,  Edward  F. 
Peck,  Samuel  C. 


Peirce,  Wm.  H. 

Perkins,  Frank  C. 
Petty,  Walter  M. 
Pfund,  Richard 
Puilbrick,  B.  W. 


Phillips,  Eugene  F. 
Phillips,  Leo  A. 


Wcstinghouse  Electric  and  Mfg.  Co. 
East  Pittsburg.  Pa. 

Digiti 


Date  of  Election. 
Mar.  20,  1895 

Nov.  18,  1890 

June  17,  1890 

Feb.  -27,  1895 
Jan.  19,  1893 
Dec.  16.  1891  . 
April  19,  1893 

Feb.  21,  1893 

Sept.  25,  1895 
Not.  13,  1889 

Mar.  20,  1895 

May  20,  1890 
Sept.  6, 1887 

Sept.  20,  1893 

Sept.  7,  1888 
Oct.  21,  1890 
May  16,  1893 
April  18,  1893 

May  15,  1894 
July  13,  1889 
Mar.  21,  1894 
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ASSOCIATE  MEMBERS 


Name.  Addren. 

Phisterer,  Fred'k  William  Graduate  Student.  Cornell  Uni- 
versity; residence.  84  Heustis  St., 
Ithaca.  N.  Y. 


PiNKERTON,  Andrew 
Plumb,  Charles 

Poole,  Cecil  P. 


Electrical  En^^inecr,  1  he  Apollo  Iron 
and  Steel  Co.,  Apollo,  Pa. 

Proprietor  and  Electrician,  The  Chas. 
Plumb  Electrical  Works,  89  Erie  St., 
Buffalo,  N.  Y. 

Care  Electrical  Worlds  253  Broadway, 
New  York  City. 

Pope,  Ralph  Wainwright  Secretary  to  the  American  Institute 
of  Electrical  Engineers,  26  Cortlandt 
St.,  (Telephone.  2199  CortlandtV 
New  York  City ;  residence,  570 
Cherry  St..  Elizabeth.  N.  J. 

Potter,  Henry  Noel  Electrician,  Steglitzer  Strasse,  10  par- 
terre, Berlin  W..  Germany. 

Potter,  Wm.  Bancroft,  Engineer  Railway  Department,  General 
Electric  Co.,  Schenectady,  N.  Y. 

Powell,  Percy  Howard  Cornell  University,  Class  of  '95,  resi- 
dence. Hempstead,  N.  Y. 


Pratt,  Charles  A. 

Price,  Chas.  W. 

Price.  Edgar  F. 
Prince,  J.  Lloyd 
Privat,  Louis 
Pro^i.or,  Thos.  L. 

PupiN,  Dr.  Michael  I. 

Randall,  John  E. 
Randolph,  L.  S. 
Rathenau,  Erich 
Ray,  William  D. 
Reao,  Robert  H. 
Redman,  Geo.  A. 


.Electrical  Engineer.  The  Independent 
Electric  Co..  39th  St.  and  Stewart 
Ave,.  Chicago,  111. 

Editor  the  EUctncal  Review,  13  Park 
Row.  New  York  City;  residence, 
223  Garfield  Place,  Brooklyn.  N.  Y. 


Electricial    Engrneer.    Carbide 
Co  ,  Niagara  FaHs.  N,  Y. 


Mfg. 


868  Flatbush  Ave..  (Flatbush  Station). 
Brooklyn.  N.  Y. 

Electrician.  Cicero  Water.  Gas  and 
Electric  Light  Co.,  Oak  Park.  111. 

General  Manager,  Riker  Electric  Motor 
Co..  Brooklvn;  residence.  Newtown, 
L.  I..  N.  Y. 

(  Vice  President)  Adjunct  Professor  in 
Mechanics,  Columbia  College  ;  resi- 
dence, 137  W.  66th  St.,  New  York 
City. 

Columbia  Incandescent  Lamp  Co., 
191 2  Olive  St..  St.  Louis.  Mo. 

Professor  of  Mechanical  Engineering, 
Blacksburg,  Va. 

Elecrrical  Engineer.  Allg.  Electricitats 
Gcsellschaft,  Berlin,  Germany. 

General  Manager  Everett  Railway  and 
Electric  Co.,  Everett,  Washington. 

Patent  Attorney,  39  Cortlandt  St., 
New  York  City. 

General  Sunt.,  Electric  Dept..  Brush 
Elec.  Light  Co. .  and  Rochester  Gas 
and  Elec.  Co.,  Kochester,  N.  Y. 


Date  of  Eleccioo 

Nov.  20,  189s 

Sept.  25.  189s 

June  20,  1894 

Jan.  3.  1888 

June  2,  1885 

Sept.  19.  1894 

Jan.  22,  1896- 

Sept.  25.  189s 

Dec.  19,  1894 

Sept  19,  1894 

June  27,  1895 

Feb.  27.  1895 

Dec.  19.  1894 

April  18,  1894. 

Mar.  18,  189a 

May  7,  1889 

Feb.  21,  1893 

Nov.  20,  1895 

Sept.  27,  189* 

Jan.  19.  1892^ 

Feb.  27.  1895, 


Digiti 
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Name. 
Resd,  Chas.  J. 

Reed,  Harry  D. 


Reed,  IIenrt  A. 

Reid,  Edwin  S. 

Reid,  Thorburn 
Reilly.  John  C. 
Reinmann,  a.  L. 


Address. 
Electrician,   3313  N.  i6th  St.,  Phila- 
delphia, Pa. 

Elccirician,  Bishop  Gutla  Fercha  Co., 
420  East  25ih  St.,  New  York  City; 
residence.  8S  North  9th  St.,  New- 
ark, N.  J. 

Secretary  and  Manager.  Bishop  Gutta- 
percha Co.,  422  East  25th  St  ,  New 
York  City;  residence,  88  North  9th 
St.,  Newark,  N.J. 

Sup'i  of  Construction,  National  Under- 
ground Cable  Co  ,  17  Times  Building 
New  York  City  ;  residence,  116  W, 
nth  St. 

Electrical  Engineer.  General  Electric 
Co.,  Schenectady,  N.  Y. 

General  Supt.,  N.  Y.  &  N.  J.  Tel.  Co.. 
16  Smith  St.,  Brooklyn.  "N.  Y. 

American  Electric  Mfg.  Co.,  St. Louis, 
Mo. 

Rennard,  John  Clifford,  A .  B.  K.  E,  Consulting  and  Super- 
vising Electrical  Engineer,  136  Lib- 
erty St.;  residence,  302  W.  73d  St., 
New  York  City. 

Requier,  a.  Marcel  Electrical  Engineer,  Westinghouse 
Electric  and  Manufacturing  Co., 
Pittsburg.  Pa. 

Rhodes,  S.  Arthur  Electrician,  Chief  Testing  Department. 

Chicago  Telephone  Co ,  Chicago, 
111.;  residence,  429  North  Pine  Ave., 
Austin,  111. 


Lecturer  in  Science,  21  Knight's  Park, 
Kingston-on-Thames,  England. 

Electrical  Engineer,  Pierce  &  Richard- 
son. 1409  Manhattan  Building;  resi- 
dence, 3827  Forest  .\ve  ,  Chicago,  111. 

Expert  Electrical  Engineer,  184  Cleve- 
land Ave.,  Buffalo.  N.  Y. 

Agent,  Electrical  Engineer,  Siemens  & 
Halske  Electric  Co..  508  California 
St.,  San  Francisco,  Cal. 

Rittenhouse,  Chas.  T.  Electrical  Worlds  253  Broadway,  resi- 
dence, 247  W.  138th  St ,  New  York 
City. 

Robinson,  D wight  Parker  With  Stone  &  Webster,  4  P.  O. 
Square.  Boston,  Mass. 


Richardson,  Albert  E. 


Richardson,  Robert  E. 


RiCKER,  Charles  W. 


Ridley,  A.  E.  Brooke 


roberson,  ouver  r. 

Roberts,  Wm.  H. 
Robinson,  Almon 


Electrician,  W'estem  Union  Telegraph 
Co.,  195  Broadway,  P.  O.  Box  856, 
New  York  City. 

15  Harrison  St.,  Cincinnati,  O. 

Draughtsman,  Expert  in  Methods  of 
Gearing,  Webster  Road,  P.  O.  Box 
943.  Lewiston,  Me. 


Digiti 


Date  of  Election. 
Mar.      5.  1889 

Sept.  19,  1894 

June  4,  1889 

Feb.  26,  1896 

Oct.  21,  1890 

April  15,  1884 

June  8,  1887 

Jan.  16,  189s 
Dec.  20,  1893 

Oct.  I7»  1894 
Feb.  21,  1894 

Sept.  19,  1894 
May  15,  1894 

Nov.  21,  1894 

Feb.    21,  1894 
Sept.  25,  1895 

Dec.    20,  1893 
Sept.    19,  1894 

Sept.     6,  1887 
ized  by  Google 
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Name.  Address. 

Robinson,  Francis  G.  With  Brooklyn  Heights  R.  R.  Co. ; 
residence,  156  Macon  St.,  Brooklyn, 
N.  Y. 

Rodman,  Samuel,  Jr.  (Late  ist  Lieut.,  2nd  U.  S.  Artillery), 
Electrician  and  Expert  in  High  Ex- 
plosives. Room  106,  Pullman,  Bldg., 
Chicago,  111. 

RoEBLiNG,  Ferdinand  W.  Manufacturer  of  Electrical  Wires 
and  Cables,  Trenton.  N.  J. 

RoESSLER,  S.  W.  Captain,  Corps  of  Engineers  U.  S.  A., 

99  Madison  St.,  Memphis,  Tenn. 

Rogers,  Edward  H.         Patent  Lawyer,  New  Haven,  Conn. 

Roller,  Frank  W.  A/. ^.  Electrical     Engineer,     with  J.     A. 

Machado,    203   Broadway,  N.    Y.; 

residence,      515     Clinton  Avenue, 
Brooklyn,  N.  Y. 


Roller,  John  E. 


Roper,  Denney  W. 


Lieut.  U.  S.  N.,  in  charge  of  Inspec- 
tion anti  Installation,  U.  S.  Navy 
Yard.  New  York:  residence,  515 
Clinton  Ave.,  Brooklyn,  N.  Y. 

Electrician  with  the  Niagara  Falls 
Power  Co..  239  Fifth  St.,  Niagara 
Falls,  N.  Y. 

RosEBRUGH,  Thomas  Reeve  Lecturer  in  Electrical  Engineering, 
School  of  Practical  Science,  Toronto, 
Ont. 

ROSENBAUM,  Wm.  A. 


Date  of  Electioa. 

Not.  21.  1894 

Sept.  16,  1890 

June  8,  1887 

Dec.  3«  1889 

Sept.  22,  1891 

May  21,  1895 

§ept.  19,  1894 

June  6,  X893 

June  26,  1 89 1 


Electrical  Expert  and  Patent  Solicitor, 
177  Times  Building,  New  York 
City.  Jan.      3.  1889 

Rosenberg,  E.  M.,  i*^.  E,  Residence,  138  W.  85th  St..  New  York 

City.  Oct.    21,  1890 

Rowland,  Arthur  John  Professor  of  Electrical  Engineering. 
Drexel  Institute:  residence,  3220 
Spencer  Terrace,  Philadelphia,  Pa.       Sept    19,  1894 

Professor  of  Physics,  Johns  Hopkins 
University,  Baltimore,  Md. 

Electrician  and  Patent  Solicitor,  1410 
Pennsylvania  Ave.,  Washington, 
I).  C. 


Rowland.  Henry  A 
Royce,  FredW. 


RusHMORB,  David  B. 
Rutherford,  W.  M. 
Sachs,  Joseph 
Sackett,  Ward  M. 
Sage,  Henry  Judson 


Westinghouse  Electric  and  Mfg.  Co., 
Pittsburg;  residence,  Wilkinsburg, 
Pa. 

Chief  Engineer,  Canadian  General 
Electric  Co.,  65  Front  St..  W.  To- 
ronto, Can. 

Devising  and  Consulting  Electrical 
Engineer,  32  Nassau  St.,  New  York 
City. 

Assistant  Chief  Draughtsman,  Chicago 
Telephone  Co..  residence  3739 
Ellis  Ave.,  Chicago.  111. 

Sage  &  Co.,  Electrical  Engineers, 
Rochester,  Pa. 


Mar.  21,  1894 

April  15,  1884 

Sept.  25,  189s 

Sept  23,  1891 

Mar.  15,  1893 


Digiti 


Oct   17,  1894 
Dec.    30,  1893 

ized  by  Google 
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Name. 

:Sahulka,  Dr.  Johann 

Sanborn,  Francis  N. 
Sanderson,  Edwin  N. 

"Sawyer,  Fred.  W. 
Saxelby,  Frederick 

SCHEiBLE,  Albert 

ScHLossER,  Fred.  G. 

ScuoEN,  Allen  McGee 

■Schreiter,  Heinr,  C,£. 
Scidmore,  Frank  L. 
Searing,  Lewis 

Searles,  a.  L. 
See,  a.  B. 

^EELY,  J.  A. 
Seitzinger,  Harry  M. 
Serrell,  Lemuel  Wm. 

Sever,  George  F. 
Serva,  a.  a 

Shain,  Charles  D. 
Sharp,  Clayton  H. 

Sharpe,  E.  C. 
Shedd,  John  C. 

:Shbbhy,  Robert  J, 


Address. 
Decent  of  Elcctrotechnics,  Tcchnische 
Hochschule.  Vienna,  Austria 

Tomngton,  Conn. 

With  Westinghouse  Electric  and  Mfg. 
Co.,  E.  Pittsburg,  Pa.;  residence, 
514  Shady  Ave.,  E.  Pittsburg,  Pa. 

68  Mount  Vernon  St.,  Fitchburg,  Mass. 

Electrical  Engineer,  288  Summer  Ave., 
Newark.  N.  J. 

Manager  for  George  Cutter,  851  The 
Kookery,  Chicago,   III. 

Superintendent  of  Electric  Dept.,  La- 
clede Gas  Light  Co.,  1038  Leffing- 
weil  Ave.,  St.  Louis,  Mo. 

Electrician.  South  Eastern  Tariff  As- 
sociation, Fitten  Building,  Atlanta, 
Ga. 

Counsellor  and  Attorney,  106  Fulton 
St ,  New  York  City. 

With  Western  Electric  Co. ;  residence, 
480  Lexington  Ave.,  New  York  City. 

Shepard  &  Searing,  Mechanical  and 
Electrical  Engineers,  842-3  Equita- 
ble building,  Denver,  Col. 

Engineering  Dept.,  Fort  Wayne  Elec- 
tric Corporation,  Fort  Wayne,  Ind. 

A.  B.  See  Manufacturing  Co.,  116 
Front  St.;  residence,  107  East  19th 
St  ,  (Klatbush),  Brooklyn,  N.  Y. 

Electrical  Engineer  and  Contractor, 
121  Liberty  St.,  New  York  City. 

Consulting  and  Constructing  Engineer, 
6  Northampton  St.,  Wilkes- Barre,  Pa. 

Mechanical  and  Electrical  Engineer, 
99  Cedar  St.,  New  York  City;  resi- 
dence. Plainheld,  N.J. 

Instructor  in  Electrical  Engineering, 
Columbia  College,  New  York  City. 

With  Fort  Wayne  Electric  Corpora- 
tion, loi  The  Bourse,  Philadelphia, 
Pa. 

136  Liberty  St.,  New  York  City. 

Instructor,  Department  of  Physics. 
Cornell  University,  122  University 
Ave.,  Ithaca.  N.  Y. 

Consulting  Electrical  Engineer,  River- 
side, Cal. 

Prolessorof  Physics  and  Applied  Elec- 
tricity. Marietta  College;  residence, 
512  Fourth  St.,  Marietta.  Ohio. 

President,  Sheehy  Automatic  Railroad 
Signal  Co.,  122  Pearl  St.,  Boston, 
Mass. 


Date  of  Election. 

Dec. 

20, 

1893 

Nov. 

24, 

1 891 

Oct. 

17, 

1894 

June 

27. 

1895 

June 

5. 

1888 

June 

20, 

1894 

Sept. 

22, 

1891 

Sept. 

20, 

1893 

Jan. 

17. 

1893 

Dec. 

18, 

1895 

April 

3» 

1888 

April 

18, 

1894 

Jan. 

17. 

1893 

April 

15. 

1884 

Sept. 

20, 

1893 

Nov. 

li 

1887 

Jan. 

17. 

1894 

Dec. 

20, 

1893 

June 

7. 

1892 

May 

15. 

1894 

Feb. 

26, 

1896 

Dec.    19.  1894 


April  21,  1 891 
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ASSOCIATE  MEMBERS 


Name. 

Shields.  W.  J. 
Shock,  Thos.  A.  W. 
Shonnard.  Harold  W. 

Shrader,  William 
Simpson,  Alexander  B. 
SisE,  Charles  F. 


Address. 
Consulting   Engineer,  New  Wilming- 
ton, Pa. 

Gen'I  Sup*t  Sacramento  Electric  Power 
and  Light  Co.,  Sacramento,  Cal. 

Designer  of  Electrical  and  Special 
Machinery;  residence,  199  W.  134th 
St.,  New  York,  N.  Y. 

Professor  of  Electrical  Engineering, 
University  of  Missouri.  Columbia, 
Mo. 

Estimator,  N.  Y.  Electrical  Equip- 
ment Co.,  N.  Y.  City  ;  residence, 
125  2nd  Place,  Brooklyn,  N.  Y. 


President,  Bell  Telephone  Co..  of 
Canada.  P.  O.  Box  191 8,  Montreal, 
Canada. 

Ass't  Manager,  Postal  Telegraph  Cable 
Co.,  New  York  City;  residence,  703 
President  St..  Brooklyn,  N.  Y. 

Sladf,  Arthur  J.,  Fh,D.  Engineer,  with  George  Hill,  44 
Broadway;  residence,  62  East  66th- 
St.,  New  York  City. 

Designing  Department,  Otis  Bios,  h 
Co..  T53  Warburton  Ave.,  Y'onkers, 
N.  Y. 

Jr.    Box  a,  Atlanta,  Ga. 

Chief  Electrician.  Edison  Light  and 
Power  Co.,  229  Stevenson  St.,  San 
Francisco,  Cal. 


Skirrow,  John  F. 


Slater,  Frederick  R. 

Smith,  Charles  Hhnry 
Smith,  Frank  E. 


Smhh,  Frederick  H. 
Smith,  Harold  Babbitt 

Smith,  J.  Brodie 

Smith,  J.  Elliot 
Smith,  Oberlin 

Smith,  T.  Jarrard 

Spencer,  Theodore 

Spicer,  Chas.  W. 
Spike,  Clarence  J. 
Sprague,  Frank  J. 


Civil  Engineer,  216  Equitable  Bldg., 
Baltimore.  Md. 

Professor  of  Electrical  Engineering, 
Purdue  University,  164  Columbia 
St.,  Lafayette,  Ind. 

Supt.  and  Electrician.  Manchester 
Electric  Light  Co.,  142  Merrimack 
St.,  Manchester,  N.  H. 

Superintendent  Fire  Alarm  Telegraph, 
122  W.  73d  St.,  New  York  City. 

President  and    Mechanical  Engineer, 

Ferracute   Machine  Co.,  Lochwold, 

Bridgeton,  N.  J. 
Manager  Electrical  Dept.,  The  E.  S. 

Greeley   &  Co.,    7   Dey   St.,  New 

York  City. 
With  Bell  Telephone  Co.,  406  Market 

St.,  Philadelphia,  Pa. 

[Address  Unknown.] 

Halifax,  N.  S. 

(Past- President.)  Vice-Prest.  Sprague 
Electric  Elevator  Co..  Postal  Tele- 
graph KIdg..  253  Broadway  and  182 
West  End  Ave.,  New  York  City. 

Digiti 


Date  of  Election. 

Sept.  19,  1894. 

Mar.  20,  189s 

Oct.  23.  1895 

Sept.  20,  1893^ 

May  21.  1895 

June  8,  1887 

Sept.  25,  1895 

Sept.  19,  1894 


Oct.  17.  1894 
Jan.  17,  1894. 


Sept.  19,  1894. 
Nov.  12,  1889 

Nov.  24.  1891 

Mar.  21,  1894. 
April  15,  1884 

May    19,  1891 

April  19,  1892 

Mar.  21,  1893 
Nov.  12,  188^ 
Mar.    18,  189a 

May    24,  1887" 
ized  by  Google 
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Name.  Address. 

Sprout,  Sidney  S.  Electrical  Engineer,  303  California  St., 

San  Francisco,  Cal. 

Spruson,  Wilfred  J.  Member  of  the  firm  of  Hepburn  & 
Spruson,  Consulting  Engineers  and 
Electricians,  169  King  St  ,  Sydney, 
N.  S.  W. 

Squier,  George  O.,  Ph,D,  ist  Lieut.,  3d  Artillery,  Fortress 
Monroe,  Va. 


Stadelman,  Wm.  a. 


Agent,  Elwell-Parker  Co.,  26  Cortlandt 
St.,  New  York  City. 


Stahl,  Th. 
Stanley,  William 
Stanton,  Chas.  H. 


Creusot  Works,  Creusot,  France. 

Electrician,  Pittsfield,  Mass. 

With  C.  H.  &  H.  Stanton  Electrical 
Contractors,  1517  Walnut  St.;  resi- 
dence, 134  S.  3d  St.,  Philadelphia,  Pa. 

Secretary  and  Treasurer,  La  Roche 
Electric  Works,  American  and  Dia- 
mond Sts.;  residence,  1419  Walnut 
St.,  Philadelphia.  Pa. 

Director  Electrical  Dept.,  Armour 
Institute,  Chicago,  111. 

Patent  Attorney,  Room  114.  39  Cort- 
Undt  St ,  New  York  City. 

32  Liberty  St  ,  New  York  City;  rcsi-r 
dence,  Lakewood,  N.  J. 

With  Firm  of  Stone  &  Webster,  4 
P.  O.  Sq.,  Boston,  Mass. 

Electrical  Engineer,  General  Electric 
Co.;  residence,  213  Liberty  Street, 
Schenectady,  N.  Y. 

Electrical  Engineer,  Westinghouse 
Electric  and  Mfg.  Co.,  Pittsburg  ; 
residence,  VVilkinsburg.  Pa. 

Professor  of  Electrical  Engineering, 
University  of  Vt..  Burlington,  Vt. 

Electrical  Engineer.  Buffalo  Gen'I 
Electric   Co.,    Buffalo,    N.   Y. 

With  Crocker-Wheeler  Electric  Co., 
N.  Y. ;  residence,  2013  5th  Avenue, 
New  York  City. 

'Electrical  Kngineer,  Westinghouse 
Electric  and  Mfg.  Co.;  residence, 
157  Larimer  Ave.,  East  Liberty, 
Pittsburg,  Pa, 

402  Exchange  Building,  Boston,  Mass. 

714  Putnam  Ave.,  Brooklyn,  N.  Y. 

Sturtevant,  Charles  L.  Patent    Attorney.    Atlantic    Building, 
Washington.  D.  C. 

Summers,  Leland  L.         Electrical  Engineer,  1 107  The  Rookery, 
Chicago,  ill. 

Sventorzrtzky,  Capt.  Loudomir  Military  Engineering  Acad- 
emy, St.  PelersDurg,  Russia. 


Stevens,  J.  Franklin 

Stine,  Wilbur  M. 
Stockbridge,  Geo.  H. 
Stockly,  Geo.  W. 
Stone,  Charles  A. 
Stone,  Joseph  P. 

Storer,  Norman  W. 

Storrs,  Prof.  H.  A. 
Stott,  Henry  G. 
Stratto.v,  Alex. 

Strauss,  Merman  A. 


Strong,  Frederick  G. 
Stump,  Clarence  E. 


Date  of  Election. 

Jan.  17.  1894 

Dec.  16,  1890^ 

May  19,  1 891 

Feb.  7,  189a 

Nov.  15,  1892 

Dec.  6,  i88r 

Mar.  30,  189s- 

Sept.  19,  1894 

May  15,  1894 

May  24,  1887 

April  15,  1884 

May  19,  1891. 

Dec.  18,  1895 

Dec.  18,  1895  . 

Mar.  21,  1893. 

Sept.  25,  189s 

Mar.  20,  189s 

Oct.  17,  1894^ 

Oct.  27,  1891 

May  17,  1887 

Dec.  20,  1893 

Feb.  16,  1892 

Sept.  20,  1893. 
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Name.  Address. 

SwENSON,  Bernard  Victor  Assistant  Professor  of  Electrical 
Engineering.  University  of  Illinois, 
Champaign,  III. 

Chief  of  Patent  Bureau,  Thomson 
Electric  Welding  Co.,  4  Spruce  St , 
Boston,  Mass. 


"Sweet,  Henry  N. 


^YKEs,  Henry  H. 
Taber,  Robert  B. 


Chief  Engineer,  Bell  Telephone  Co.,  of 
Mo..  Telephone  Bldg..  St.  Louis,  Mo. 


Tait,  Frank  M. 


Tapley,  Walter  H. 


Gas  Engineer,  Special  Agent  General 
Electric  Co.,  620  Atlantic  Ave., 
Boston,  Mass. 

Superintendent,  Catasauqua  Electric 
Light  and  Power  Co.,  731  3d  St., 
Catasauqua,  Pa. 

Electrician  in  Government  Printing 
Office,  care  of  Public  Printer,  Wash- 
ington, D.  C. 

Temple,  William  Chase  Mechanical  and  Electrical  Engineer, 
Lewis  Block,  P.  O.  Box  800,  Pitts- 
burg, Pa. 

Tesla,  Nikola  Electrical  Engineer  and  Inventor,  46 

E.    Houston   St..  The  Geriacb,  53 
W.  27th  St.,  New  York  City. 

Thompson,  William  Geo.  MacNeill  Resident  Engineer,  Sault 
Ste.  Marie  Canal,  St.  Catharines. 
Ont. 

Thordarsson,  Chester  H.  Chicago  Edison  Co.;  residence, 
284  Rush  St.,  Chicago.  111. 

ToBEY,  William  Boardman  General  Manager,  S.  K.  C.  Spe- 
cialty Co.,  Pittsfield,  Mass. 

Electrical  Engineer,  Helios  EJectric 
Co.,  1614  Green  St.,  Philadelphia,  Pa, 

Engineering  Dep't,  The  Edison  Elec. 
Illuminating  Co.,  53  Duane  Street, 
New  York  City. 

Electrical  Engineer,  The  Sherwood 
Land  Co.,  and  The  Jefferson  Hotel 
Co.,  109  S.  First  Si.,  Richmond,  Va. 

Attorney    and    Expert    in    Electrical 
Cases,  5   Beekman  St.,  New  York 
City. 
Treadwell,  Augustus,  Jr.     Private  Assistant,  Polytechnic  In- 
stitute, 488  3d  St..  Brooklyn,  N.  Y. 

Care  Direct  U.  S.  Cable  Co.,  Old 
State  House,  Boston,  Mass. 

Electrical  Engineer.  Sawyer-Man  Elec- 
tric Co.,  510  \V.  23d  St.;  residence, 
328  W.  23d  St.,  New  York  City. 

26  Cortlandt  St.,  New  York  City. 

Electrician  and  Electrical  Contractor, 
84  Clinton  Ave.,  Albany.  N.  Y. 

Westinghouse  Electric  and  Mfg.  Co., 
residence,  1 58  Ridge  Ave., Allegheny, 
Pa. 

Digitized  by 


TOERRING,  C,  Jr. 
Torchio,  Phflippo 

Tower,  George  A. 

TowNSEND,  Henry  C. 


Trott,  a.  H.  Hardy 

[Life  Member.] 

Tuttle,  George  W. 


Vail,  Theo.  N. 

Van  Buren,  Gurdon  C. 

Vandrgrift,  James  A. 


Date  of  Election. 
Feb.    27.  1895 

May  20,  1890 
Oct.     18,  1893 

Sept.  16,  1890 

Sept.  19,  1894 

Oct.  25,  1892 

May  3,  1887 

June  5,  1888 

July  12,  1887 
Dec.  18,  1895 
Sept.  16,  1890 
April  18,  1894 

June   27,  1895 

May    15,  1894 

July  10,  1888 
Feb.  21,  1894 
Jan.    20,  1891 

Mar.  17,  1 89 1 
April  15,  1884 

Oct.  25,  189a 
Nov.   24,  1891 
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Name.  Address. 

Vanderslice»  G.  Hamilton  Armory,  Old  City  Hall,  Pittsburg, 
Pa. 

Van  Vlkck,  Frank  President,  Van  Vlcck  Tramway  Co., 

Wells   Fargo   Bldg.,  Los  Angeles, 
Cal.* 

Van  Wyck,  Philip  V.  R.,  Jr.  981  Madison  Ave.,  New  York 
City. 

Varley.  Richard,  Jr.  General  Manager,  Varley  Duplex 
Magnet  Co.,  46  East  Houston  St./ 
New  York  City. 

Varley,  Thomas  W.        [Address  Unknown.] 

Varney,  William  Wesley  Attorney  at  I^w,  Electrical  Expert, 
118  East  Lexington  St,:  residence, 
1 001  Harlem  Ave.,  Baltimore,  Md. 


Verley,  Horace  S.  L. 


VoiT,  Dr.  Ernst 


With  Dr.  Wm.  E.  Geyer.  as  Labora- 
tory Assistant,  Stevens  Institute, 
Hoboken,  N.  J.;  136  Liberty  St., 
New  York  City. 

Professor  of  Electricity,  Technical 
University.  Schwanthalcrslrasse, 
Munchen,  Germany. 

Wacker,  George  G.  1340  Vanderbilt  Ave.,  New  York  City. 

Wagner.  Edward  Andrews.  Electrician,  The  Mexican  Inter- 
national R.  R.  Co,,  Eagle  Pass, 
Texas 


Walker,  Arthur  F. 
Wallace,  Geo.  S. 

Wallace,  William 
Walter,  Henry  E. 


Sup't  and  Electrical  Engineer,  Edison 
Light  Co.,  Grand  Rapids,  Mich. 

Telegraph  Office  Manager,  Chesapeake 
&  Ohio  Ry.  Co.,  Box  214,  Hunting- 
ton, W.  Va. 

Wire  Manufacturer,  Ansonia,  Conn. 
[Address  Unknown.] 


Wardell,  George  Phelps  Secretary,  Department  of  Science 
and  Technology,  Pratt  Institute, 
Brooklyn,  N.  Y. 


Wardlaw,  Geo  RGB  A. 
Waring,  Richard  S. 

Warner,  Chas.  H. 

Warren,  Aldred  K. 

Wason,  Chas.  W. 

Wason,  Leonard  C. 

Waters,  Edward  G. 


412  East  Willow  St.,  Syracuse,  N.  Y. 

Standard  Underground  Cable  Co..  61 
Westinghouse  Bldg.,  Pittsburg,  Ha. 

Consulting  Electrical  Engineer,  50 
Broadway,  \ew  York  City. 

Proprietor,  A.  K.  Warren  &  Co.,  465 
Greenwich  St.,  New  York;  residence 
New  Brighton.  S.  I.,  N.  Y. 

Electrical  Engineer  and  Purchasing 
Agent,  Cleveland  Electric  R.  R.  Co., 
1762  Euclid  Ave.,  Cleveland,  O. 

Vice-Prest.,  The  Aberthaw  Co.,  31 
State  Street,  Boston  ;  residence,  199 
Harvard  St.,  Brookline.  Mass. 

Resident  Manager,  General  Electric 
Co.,  308  Times  Bldg.,  Pittsburg,  Pa. 


Digiti 


Date  of  Election. 

Dec.  19,  1894 

Nov.  16,  1886 
April  21,  1891 

Mar.  18,  1890 
Sept.  19,  1894 

Nov.  21,  1894 

May  17.  1892 

Mar.  21,  1894 
Sept.  6,  1887 

Jan.  22,  1896 
Oct.  23,  1895 

Oct.  25,  1892 
April  15,  1884 
April  2,  1889  « 

Nov.  12,  1889 
Jan.  17,  1894 

April  15,  1884 
Dec.  20,  1895 

Nov.  20,  1895 

May  19,  1 891 

Dec.  20,  189^ 
Mar.  18,  1890 
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Name. 

Watson,  Robert 

Watts,  H.  Franklin 

Weaver,  Norman  R. 
Webb,  Henry  Storrs 


Address. 
Patent  Attorney,  931  F.  St..  N.  W., 
Washington,  D.  C. 

Electrical  Engineer  and  Contractor, 
3 17 1  Heston  St.,  Philadelphia,  Pa. 

Box  87,  Selma,  Ala. 

Instructor  in  Elect? ical  Engineering, 
Lehigh  University,  South  Bethlehem, 
Pa. 

Webster,  Dr.  Arthur  G.  Assistant  Professor  of  Physics,  Clark 
University,  936  Main  St.,  Worces- 
ter. Mass. 


Webster,  Edwin  S. 

Wendle,  George  E. 
West,  Julius  Henrik 

Welles,  Francis  R. 

Wharton,  Hugh  M. 

White,  H.  C. 

White,  J.  G. 


White,  Will  F. 


Whitmore,  W.  G. 


Firm  of  Stone  &  Webster,  4  P.  O. 
Sq.,  Boston,  Mass. 

760  W.  4th  St.,  Williamsport,  Pa. 

Engineer,  Handjery  St.,  58  Friedenau, 
Berlin,  Germany. 

Manufacturer,  46  Avenue  de  Breteuil. 
Paris,  France. 

Electrical  Engineer,  69  Christopher 
St.,  Moniclair,  N.  J. 

Manager,  Phoenix  Iron  Works  Co., 
208  Ballett  Bldg.,  Philadelphia.  Pa. 

J.  G  White  &  Co.,  Electrical  Engi- 
neers and  Contractors,  29  Broadway, 
New  York  City. 

Electrical  Engineer,  Vice-President, 
New  Omaha  T.-H.  Electric  Light 
Co  ,  309  So.  13th  St.,  Omaha,  Neb. 

Electrical  Engineer,  General  Electric 
Co.,  Edison  Building,  Box  3067, 
New  York  City. 

Whitney,  Henry  M.        81  Milk  St.,  Boston,  Mass. 
[Life  Member.! 

WiESE,  Gustav  Adolph    City    Electrician    of    Alameda,    718 
Ilaight  Ave.,  Alameda,  Cal. 

Library  Building.  Scranton,  Pa. 

Engineer,  with  the  American  Water- 
works, 1 107  No.  40th  St..  Omaha, 
Neb. 


Wightman,  Merle  J. 
Wiley,  Walter  S. 


Wiley,  Wm.  H. 
Williams,  Charles  Jr. 


Scientific  Expert,  53  E.  loth  St.,  New 
York  City. 

Electrician,  i  Arlington  Street,  East 
Somerville,  Mass. 


Williamson,  G.  DeWitt    Dobbs  Ferry,  N.  Y. 


Wilson,  Chester  P. 


Winand,  Paul  A.  N. 


Chief  Engineer,  East  St.  Louis  Plant, 
Swift  &  Co.,  31  Nicholson  Place,  St. 
Louis,  Mo. 

Engineer  and  Supt.,  Schleicher, 
Schumm  &  Co.,  3200  Arch  St., 
Philadelphia,  Pa. 


Winchester, Samuel  B.    9  Laurel  St.,  Holyoke,  Mass. 


Date  of  Flection. 
Oct.     21,  1890 

May    20,  1890 
Oct.    25,  1892 

Nov.   20,  1895 

Jan.     19,  1892 

April  21,  1891 
Feb.    2t,  1894 

Sept.  20,  1893 

Sept.     6,  1887 

May    15,  1894 

April  15,  1884 

April    2,  1889 

Feb.      7.  1890 

Mar.    18,  1890 
July    12,  1887 

Sept.  25,  189s 
Mar.     5,  1889 

April  18,  1894 

Feb.     7,  1888 

April  15,  1884 
April  18,  1895 

Sep.    25,  1895 

June   «o,  1894 
May    15    1894 
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Name.  Address.  Date  of  Election. 

WiNSLOW,  I.  E.  The  General  Traction  Company.  Ltd., 

35  Parliament  btreet,  Westminster, 
London,  Eng.  Nov.   12,  1889 

WiNTRiNGHAM,  J.  P.  Theorist,  36  Pine  St  ,  New  York  City, 

and  153  Henry  St  ,  Brooklyn,  N.Y.     May      7,  1889 

Wirt,  Herbert  C.  Engineer,  Supply  Department,  General 

Electric  Co.,  Schenectady,  N.  Y.  June  26,  1991 

Wood,  £.  J.  Consulting  Engineer  and  Contractor, 

243  Broadway,  New  York  City.  July    12,  1887 

Woodward,  Francke  L.  Undergraduate  in  Electrical  Engineer- 
ing.  Harvard  University,  22  Perkins 
Hall,  Cambridge,  Mass.  June  26,  1891 

WooLF,  Albert  E.  Electrician  and  Inventor,  Woolf  Elec- 

tric  Disinfecting  Co.  of   N.  Y.,  66 
Broad   St.,  New  York  City.  Sept.  16,  1890 

WORSWICK.  A.  E.  Electrical  Engineer,  Mutual  Light  and 

Power  Co  .  26  Commerce  St  ,  Mont- 
gomery, Ala.  Sept,  20,  1893 

Wray,  J.  Glen  Cable  Tester,  Chicago  Telephone  Co., 

162  Centre  St.,  Chicago,  111.  Sept«  20,  1893 

Wybro,  Harrison  C.        Electrical       Engineer,       Wybro      & 

Lawrence,  Los  ADgeles,  Cal.  Dec.    18,  1895 

Varnall,  V.  H.  Superintendent  of  Construction,  White- 

Crosby  Co.,  29  Broadway,  New  York 
City.  May  '  16,  1893 

Young,  Charles  I.  Electrical     Engineer,     Westinghouse 

Elec.  &  Mfg.  Co.,  Pittsburg.  Pa.;        June    27,  1895 

Zalinski,  Edmund  L.  Captain  of  Artillery,  U.  S.  A., 
(retired).  The  Century,  7  West  43d 
St.,  New  York  City.  May    17,  1887 

Zimmerman,  Laurence  J.  Electrical  Engineer  and  Inventor, 
57  Pennsylvania  Ave.,  Brooklyn, 
N.  Y.  Mar.   21,  1893 

Associate  Members,         -        -        -        702. 

OFFICIAL  STENOGRAPHER 
Ryan,  Richard  W.,  106  Fulton  St.,  Telephone,  2644  Cortlandl,  New  York  City. 

SUMMARY. 

Honorary  Members, -  2 

Members,     ---------  319 

Associate  Members, -        -      702 

Total        -        -  •     1023 
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NORTH    AMERICA. 


UNITED  STATES. 


ALABAMA. 

Auburn. — McKissick,  Prof.  A. 

BinninghAm. 
Harris.  W.  C,  Jr. 
Harris.  G.  U. 

Ensley.— Groas.'S.  Ross 

Montgomery. 
Tones,  H.  C. 
Worswick,  A.  E. 

Selma.— Weaver.  N.  R. 


F. 


CALIFORNIA. 

Alameda.— Wiese.  G.  A. 

Berkeley. 

Cory.  Prof.  C.  L. 
Le  Conte,  Joseph  N. 

2 

Los  Angeles. 

Daft.  Leo 

Griffes,  E.  E.,  307  South  Main  St. 

Van  VIeck.  Frank 

Wybro.  H.  C. 

4 
Nevada  City.— Hancock,  L.  M. 

Oakland. 

Clement,  Lewis  M..  1013  Central  Ave. 
Colville.  Frank  C,  i^os  Seventh  Ave. 
Holberton,  G.  C.  13th  and  Clay  Sts. 

3 
Palo  Alto.— Perrine,  F.  A.  C. 

Pasadena. — Gilmore,  L.  H 

Pomona.— Foote.  C.  W. 

Riverside. — Sharpc,  E.  C. 

Sacramento.— Shock,  T.  A,  W, 

San  Francisco. 
Barbour.  Fred.  F.,  15  First  St. 
Cartwright,  Fred'k  G  .  41  Stevenson  St. 


San  Francisco.— Continued. 
Dunn,  K.  G ,  233  Montgomery  St. 
Foster,  S.  L  ,  ig  Hobart  Bldg. 
Hasson.  W.  F.  C,  310  Pine  St. 
Hewitt,  Wm.  R..  9  Brcnham  Place 
Lighthipe,  J  as  A..  15  First  St. 
Lindner,  C.  T.,  106  Market  St. 
Low.  George  P.,    303  California  St. 
Medina.  F.  P..  534  Market  St. 
Meredith,  Wynn.  310  Pine  St. 
Molcra,  E.  J.,  6c6  Clay  St. 
Ridley.  A.  E.  B.,  508  California  St. 
Smith,  F.  E.,  229  Stevenson  St. 
Sprout,  Sidney  S.,  303  California  St. 


15^ 


COLORADO. 

Aspen. — Doolittle,  Clarence  E. 

Canon  City.— Slater.  H.  B 

Denver. 
Searing,  L.,  842  Equitable  Building. 
Steams,  J.  W.,  Jr.,  MounUin  Elcc.  Co. 

s 

Pueblo.— Chubbuck.  H.  E. 

Telluride.— Nunn.  Paul  N. 


CONNECTICUT. 

Ansonia. 
Grower,  George  G. 
Wallace,  William. 

i 

Bridgeport. 
Br>ant,  Waldo  C. 
Waldo,  Dr.  Leonard,  S7  Coleman  St. 

Hartford. 
Powell.  W.  H.,  55  Oak  St. 
Robb,  Prof.  Wm.  L,,  Trinity  College. 


Meriden.— Fuller,  F.  G. 
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New  Haven. 

Daniell.  Francis  G.,  Box  394. 
Rogers,  Edward  11. 

2 
Noroton.— Delafield.  A.  Floyd 

South  Norwalk.— Winchester,  A.  E. 

Toniogton. — Sanborn,  F.  N. 

Waterbury.— Brady,  E.  D.  A. 

Windsor. 
Corson,  William  R.  C. 
Heath.  Harry  E. 


DELAWARE. 
Wilmington. 

Van  Trump,  C.  R. ,  W  ilm.  City  Elec.  Co. 
Hall,  John  L.  300  Market  Street. 


DISTRICT  OF  COLUMBIA. 

Washington. 

Anderson.  W.  K.,  Pacific  Building. 
Bell,  A.  Graham,  1331  Conn.  Ave. 
Berliner,  Emile.  Columbia  Road. 
Bliss,  Wm.  J.  A.,  820  Connecticut  Ave. 
Crandall,  J.  E..     619  14th  St..  N.  W. 
Chamberlain,  F.  H.,  2411  P  St..N.  W, 
Dodge,  Prof.  O.  G..  Care  of  Navy  Dep't. 
Flint,  B.  P.,  W.  A.  &  Mt.  V.  Elec.  Rwy. 
Freeman,  Dr.  Frank  L.,  931  F  St. 
Hollerith,  H.,  1054  31st  .St. 
Hopkins,  N.  M.,  1730  I  St. 
Jannu5,  Frankland.    928-30  F.  St. 
Mauro.  Philip,  620  F.  St. 
Maynard,  G.  C,  800  II  St.,  N.  W. 
MilHs,  Capt.  John,  Lighthouse  Board. 
Reber,  Samuel,  Signal  Corps,  U.  S.  A. 
Royce.Fred  W.,  _4io  PennsylvaniaAve. 
Shea.  D.  W. ,  Catholic  University. 
Sturtevant,  Charles  L.,  Atlantic  Bldg. 
Tapley,  W.  H.,  Gov.  Printing  Office. 
Watson.  Robert,  931  F.  St..  N.  W. 

21 


FLORIDA. 
Jacksonyille. 

Albert,  Henry. 
Hammatt,  C.  S. 

St.  Augustine.  —Best,  A.  T. 


GEORGIA. 


Atlanta. 
Schoen.  A.  M. 
Smith.  C.  H. 

Augusta. 
Edwards,  Jas.  P. 
Moore,  W.  E. 


Columbus.— Boileau,  W,  E. 
Macon.— Nyhan,  J.  T. 
Savannah.  -  Nunn.  Richard  J. ,  Af,I>. 


ILLINOIS. 

Alton.— Porter,  J.  F. 

Champaign. — Swenson,  B.  V. 

Chicago. 
Abbott,  Arthur  v.,  203  Washington  St. 
Armstrong,  C.  G  ,  1400  Auditorium  Twr. 
Arnold  Bion  J..  1541  Marquette  Big. 
Badt,  Lt   Francis  B..  121 5  Monadnock 
Baldwin  J.  C.  T..  203  Washington  St. 
Barton.  Enos  M.  227  South  Clinton  St. 
Beames.  C.  F..  Monadnock  Bldg. 
Boughan.  E.  L.,  20  Roslyn  Place. 
Brown,  C.  L.,  6422  Drexel  Ave, 
Comstock.  L.  K  ,  Monadnock  Bldg. 
Coster,  M.,   N.  Y.  Life  Ins.  Bldg. 
Crandall.  Chester  D.,  227  S.  Clinton  St. 
Crawford,  L.  G.,  220  Johnson  St. 
Croxton,  A.  L.,  71 18  Drexel  Ave. 
Gushing,  F.  W..  1106  The  Rookery. 
Cutter,  George,  851  The  Rookery. 
Dommerque,  F.  J.,  203  Washington  St- 
Dorr,  Frank  H.,  Monadnock  Block. 
Eddy,  H.  C,  Lees  Building. 
ElUcott.  E.  B.,  227  So.  Clinton  St. 
Ethc ridge,  Locke,  203  Washington  St. 
Frantzen,  Arthur,  353  Dearborn  St. 
(Jalletly,  J.  Fred..  Care  of  Swift  &  Co. 
Gerry.  M.  H.  Jr.,  146  Throop  St. 
Gutmann,  L.,  410  La  Salle  Ave. 
Haskins.  Clark  C.  582  W.  Congress  St. 
Hibbard,  Angus  S.  203  Washington  St.  ' 
Homsby,  H.  H.,  16  Citv  Hall, 
fnsuli,  Samuel,  513  Rookery. 
Izard,  E.  M..  315  Dearborn  St. 
Jackson.  T.  K.,  Siemens  &  Halske  Co. 
Keller,  C.  L.,  5940  East  End  Ave. 
Kreidler,  W.  A.,  510  Marquette  Bldg. 
Lamed,  S.  J.,  203  Washington  St. 
Malia,  J.  P.,  5314  Union  Ave. 
Mayer,  Geo.  M.,  79  Fifth  Ave. 
McMeeii,  S.  G.,  1306  Ashland  Block. 
Munns,  C.  K  ,  947  Rookery. 
Myers,  L.  E.,  917  Monadnock  Bldg. 
Neiler,  S.  G..  1409  Manhattan  Bfdg. 
Nichols,  G.  P.,  1036  Monadnock. 
Norton,  E.  F.,  175  Dearborn  St. 
O'Connell,  J.  J.,  203  Washington  SC. 
Pierce,  R.  H.,  1409  Manhattan  Bldg. 
Pratt,  Chas.  A.,  39th  St.  &  Stewart  Ave. 
Rae,  F.  B.,  134  Monroe  St 
Rhodes,  S.  A.,  203  Washington  St. 
Richardson,  R.  E.,  1409  Manhattan  Bdg 
Rodman.  Sam'l,  Jr.,  fo6  Pullman  Bldg. 
Thordarsson.  C   H.,  513  Rookery. 
Sackctt.  W.  M.,  203  Washington  St. 
Scheible,  Albert.  851  The  Rookery. 
Stine,  Prof.  W.  M.,  Armour  Institute. 
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Chicago. — Continued. 
Summers,  Leland  L.,  1107  Rookery. 
Wait,  Henry  H.,  4919  Madison  Ave. 
Warner,  E.  P.,  227  So.  Clinton  St. 
Wilson  Charles  II.,  Monadnock  Bldg. 
Wray.  J.  G.,  162  Centre  St. 

58 

East  St.  Louis.— Lindsay,  W.  E. 

Highland  Park.  —Gray,  Dr.  Elisha 
Maywood.— Kammeyer,  C.  E. 
Oak  Park. 

Bentley,  M.  H..  221  Scoville  Ave. 

Nutting,  S.  E. 

Privat,  l^uis 

3 
Urhana.— Esty,  William. 

Winnctka.— Herdman,  F.  E. 


INDIANA. 

East  Chicago.— Flej2:el,  G.  C. 

Fort  Wayne. 
Barnes,  Edw.A.  Ft.,Waync  Electric  Co. 
Childs,  S.  W..  Foellinger  Block. 
Crawford.  D.  F.,  P.  K.  R. 
Duncan,  Thos.,  407  Broadway. 
Hadley,  A.  L.,  149  Griffith  St. 
Hunting,  F.  S.,  330  W  Washington  St. 
MacFadden.  C.K.West'nGasCons.Co. 
Scarles,  A.  L.,  Ft.  Wayne  Elec.  Cor. 

S 

Lafayette. 
Boggs,  L.  S. 

Flather.  J.  J.,  Purdue  University. 
Goldsborough,  W.  E.,  164  Columbia  St. 
MacMulIan,  R.  H. 
Smith,  H.  B.,  164  Columbia  St. 

5 
Notre  Dame.— O'Dea,  M.  T. 

Tcrre  Haute. — Harrison,  R.  B. 


IOWA. 
Fort  Dodge. — Cunningham,  E.  R. 


KENTUCKY. 
Louisville.— Hubley,  G.  W. 


LOUISIANA. 
New  Orleans. 

Ayres,  Brown,     Tulane  University. 
Carroll,  Leigh,  19  Elmira  Ave. 


MAINE. 
Lewiston. — Robinson,  Almon 
Orono. — Lanphear,  B.  S. 


MARYLAND. 
Baltimore. 

Bradley,  C.  S..  loth  St.  cor.  North  Ave. 
Burton,  W.  C.,  1425  Maryland  Ave. 
Duncan,  Dr.  L.,  Johns  Hopicins  UniT. 
Hall.  Clayton  C,     810  Park  Ave, 
Hering,  H.  S..  1809  Park  .\ve. 
Keilholtz,P.  O..  U.  S.  E.  P.  &  L.  Co. 
McCay.    II.    K..     106  E.   German  St. 
Morrison.  J.  Frank.     15  South  St., 
O'Sullivan.  M.  J.,  B.  &  O.  R.  R. 
Peirce.  Wm.  H..     Keyser  Building. 
Ries.  E.  E.,  1919  Druid  Hill  Ave. 
Rowland,  Prof.  II.  A.. 

Johns  Hopkins  University- 
Smith,  F.  H..  2i6.Equiuble  Bldg. 
Varney,  W.  W..  118  E.  Lexington  St. 
Young.  C.  G..  706  EquiUble  Bldg. 

15 
Reisterstown.— Bauer,  W.  J. 


MASSACHUSETTS. 
Auburndale.— Blake,  Francis 
Boston. 

Adams,  A.  D.,  620  Atlantic  Ave. 
Almon.  G.  H..  620  Atlantic  Ave. 
Archbold,  Wm.  K..32S  Exchange  Bldg. 
Ayer,  Jas.  I.  611  Sears  Bldg. 
Bell,  Louis,  620  Atlantic  Ave. 
Berthold.  V.  M..  125  Milk  St. 
Blake,  T.  W.  125  Milk  St. 
Blodgett,  Geo.  W.,     B.  A:  A.  R.  R. 
Hrophy,  Wm..  12  Old  Court  House. 
Bubert,  J.  F.,  402  Exchange  Bldg. 
Burleigh.  Chas  B.,    620  Atlantic  Ave. 
Burton,  Geo.  I)..     194  Washington  St. 
Cabot,  F.  E.  55  Kilby  St. 
Chadboume,  H.  R  .  Jr.,  130  Bedford  St. 
Childs.  A.  E.,  333  Exchange  Bldg. 
Claflin.  Adams  D.,  53  State  St. 
Coffin,  Chas.  A.,     620  Atlantic  Ave. 
CoUes,  G.  W..  Jr.,  118  Charles  St. 
Corey,  Fred.  B.,  150  Devonshire  SL 
Craig,  J.  Hally.  49  Federal  St. 
Crosby.  J.  W..  38  Bedford  St. 
Cross,  Prof.  Chas.  K..,  Institute  Tech. 
Cumner,  A.  B.,  69  Broad  St. 
Gushing,  H.  C,  55  Kilby  St. 
Davenport,  Geo.  W..  61  Ames  Bldg. 
deKhottnsky.  Capt.  A., 

42  Farnsworth  St. 
Desmond,  J.  A.,  Ames  Bldg. 
Doolittle.  Thos.  B.,  125  Milk  St. 
Edgar,  C.  L.  3  Head  Place. 
Erickson,  F.  Wm.,  3  Head  Place. 
Famham,  I.  H.,     125  Milk  Street. 
Ford,  Wm.  S.,     Room  73,  125  Milk  St. 
Garratt,  A.  V.,  61  Hampshire  St. 
Hart.  Francis  R.,  i  Court  St. 
Haskins,  Caryl  I)..  620  Atlantic  Ave. 
Hayes.  Hammond  V.,  42  Famsworth  St. 
Herrick,  Charles  H.,  133  Oliver  St. 
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Boston. — Continued. 
Hudson.  John  E.«  125  Milk  St. 
IxKkwood,  Thomas  D..  125  Milk  St. 
Morss.  Everett.  303  Marlboro  St. 
Paddock.  B.  C.  Jr.,  3  Head  PUce. 
Paine,  F.  B    H.,  328  Exchangre  Bldg. 
Paine.  .Sidney  B..     180  .Summer  St. 
Parcelle.  Albert  L..  157  VVashingfton  St. 
Puffer.  Win.  L..  Mass.  Inst,  of  Tech. 
Robinson,  I).  P.,  4  P  O.  Square. 
Robb,  Russell,  4  P.  O.  Squaie. 
Sheehy,  R.  J  ,  122  Pearl  St. 
Stearns.  C.  K  ,  Kneeland  St.  Station. 
Stone.  Charles  A..     4  P.  O.  .Square. 
Stronj;,  F.  G..  402  Exchange  BIdg. 
Sweet.  Henry  N.,    4  Spruce  St. 
Trott,  A.  H.  H.,  Old  State  House. 
Taber,  Robert  B..    620  Atlantic  Ave. 
Wason.  L.  C,  31  State  St. 
Webster.  Edwin  S..    4  P.  O.  Square. 
Weller   H.  W..  33  Equitable  Bldg. 
Whitney.  Henry  M.,     81  Milk  St. 

58 

Brookline. 
Bliss.  D.  M.,r  Da  vis  Ct..  Washington  St. 
Lee,  J.  C.     Mountfort  St.  Longwood. 

2 

Cambridge. 
Adams.  C.  A.  Jr.,  13  Farrar  St. 
Hall.  Prof.  Edwin  H.,     Gorham  St. 
Woodward.  F.  L..  22  Perkins  Hall. 

3 

Danyers.— Hood.  R.  O. 

East  Somerville.— Williams,  C.  Jr. 

Fitchbnrg— Sawyer,  F.  W. 

Fall  River.— Bcattie.  John,  Jr. 

Holyoke. 
Newell,  Arthur  J.,     366  High  .St. 
Winchester,  S.  B.,  9  Laurel  St. 

2 

Lawrence.  —Humphreys,  C.  J.  R. 

Lowell.— Bancroft,  C.  F. 

Lynn. 
Boyer.  E.  E.,  Gen*l  Electric  Co. 
Ekstrom,  Axel,     92  Hamilton  Ave. 
Everest,  A.  R..  General  Electric  Co. 
Fish,  Walter  C.      Gen.  Klec.  Co. 
Lemp.  H.  Jr..  Thomson  Elec.VVeld  Co. 
Thomson.  Elihu,  General  Electric  Co. 

6 

Marlborough.— Bottom  ley,  Harry. 

Pittsfield. 
Chesney.  C.  C,  Stanley  laboratory. 
Duncan.  J.  D.  E.,  81   Maple  wood  Ave. 
Fridenberg,  H.  L..  Stanley  Mfg.  Co. 
Stanley.  William. 

Tobcy,  W.  B.,  Dawes  Ave.  &  High  St. 

5 


Springfield. 
Anderson.  H.  S.,  United  E.  L.  Co. 
Hyde,  Jerome  W.,  Wason  Bldg. 
Taiutor,  G.,  New  England  T.  &T.  Co. 

3 

Stockbridge.— Field.  Stephen  D. 

Worcester. 

Kimball,  Prof.  A.  S.,  Polytechnic  Inst. 
Webster,  Dr.  A.  G.,  936  Main  St. 

2 


MICHIGAN. 
Ann  Arbor. — Carhart,  II.  S. 
Calumet.— Bosson.  Fred.  N. 
Detroit. 

Blades,    Harry  H.,  1343*55  Cass   Ave. 
Dow,  Alex,  41 1  Hammond   Bld)^. 
Smith,  Jesse  M.,     36  MofTatt  Block. 
Wilkes,  G.,  816  Chamber  Commerce. 

4 

Grand  Rapids.— Walker,  A.  F. 

Ishpeming. — Mills,  Frank  P. 


MINNESOTA. 
Minneapolis. 
Brooks,  Morgan,  249  Second  Ave.,  So. 
Shepardson,  G.  D.,  Univ.  of  Minn. 

a 
St.  Paul.—Byllesby,  Henry  M. 


MISSOURI. 

Columbia. — Shrader.  Prof.  \Vm. 

Kansas  City. 
Blood,  W.   H.,  Jr.     535  Delaware   St. 
Casper,  Louis,  Box  257. 
Weeks,  E.  R.,     National  Bank  of  Kan- 
sas City  Building. 

3 

St.  Louis. 

Durant,  Geo.  F.,  511  No.  4th  St. 
Garrels,  W.  L.,  4531  West  Pine  Bouv. 
lijima,  Zentaro,  2017  Lucas  Place. 
Morse,  Geo.  H..  Wagner  Elec.  Mfg.  Co* 
Randall,  J.  E.,  1912  Olive  St. 
Reihmann.  A.  L.,  201 1  Pine  St. 
Schlosser,  F.  G.,  1038  LefTingwell  Ave. 
Sykes,  H.H.,  Telephone  Bldg. 

8- 


MONTANA. 
Great  Falls.— Morrow,  John  T. 
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NEBRASKA. 
Lincoln. —Owens,  Prof.  R.  B. 

Omaha. 

Lane,  Vance 

White,  W.  F.,  309  ^o-  13th  St. 

Wiley.  W.  S..  1107  N.  40th  St. 


NEVADA. 
Virginia  City.— Fielding,  Frank  E. 

NEW  HAMPSHIRE. 
Hanover.— Crehorc,  Dr.  A.  C. 

Manchester. 

Clough,  A.  I...  Box  114. 

Smith.  T.  Brodie,  142  Merrimack  St. 

•^  2 

Portsmouth.— Flanagan.  T.  F. 


NEW  JERSEY. 

Bayonne  City. 
Bennett,  E.  H.,  Jr.,  17  E.  33d  St. 
Fleming.  Wilfrid  H.,  70  W.  3d  St. 

Bloomfield,  N.  J.— Carichoff,  E.  R. 
Bridgeton.  —Smith,  Obcrlin. 
Bound  Brook. — Loomis,  O.  P. 
Camden.— Harrington,  Walter  E. 

East  Orange. 

Dunn,  Gano  S.,  Ampere. 
Jackson.  F.  K.,  61  So.  Grove  St. 
Leonard,  H.  Ward. 

3 

Elizahcth.— Diehl.  Philip. 

Harrison. 

Eyre.  M.  K. 
Howell.  Wilson  S. 
Marshall,  J.  T. 
Page.  A.  D. 

Hohoken 

Cuntz,  Johannes  H.,  323  Hudson  St. 
Demon.  Prof.  J.  E.,  Stevens  Institute. 
Geyer,  Dr.  Wm.  E., 
Morton.  Dr.  H..  Stevens  Institute. 
Verley,  Horace  S.  L..  " 


12 


Jersey  City, — Ockershausen,  H.  A- 
Maywood.— Jaeger,  Chas.  L. 

Montclair. 

Harrison,  Harold 

Wharton.  H.  M.,  69  Christopher  St. 

2 

Newark. 
Anthony,  Watson  G.,  32*  Webster  St. 
Atwood,  Geo.  F., 

Mechanic  and  I^wrence  Sts. 
Bosch.  Adam.  Fire  Alarm  Telegraph. 
Colby,  Edward  A..  Lock  Box  313. 
Criggal.  J.  E..  138  Bloomfield  Ave. 
Doane.  S.  Everett,  68  Park  Place. 
Heinrich,  Richard  C  114  William  St. 
Howell.  J.  W..  761  High  St. 
Martin,  1.,  16  Oak  St. 
Mcore,  D.  McF  ,  52  Lawrence  St. 
Uebeljcker,  C.  F..  30  N.  iiih  St. 
Weston,  Edward,  114  William  St. 

Orang^e. — Edison,  Thomas  A. 

Passaic. 
Alden,  James  S.,  486  River  Drive. 
Mott,  S.  D. 

Plainfield. 
McClurg,  W.  A.,  207  Madison  Ave. 

Princeton.— Brackett,  Prof.  C.  P. 

Rahway.— Buys.  Albert. 

Roselle.— Lawton,  W.  C. 

Rutherford.— l*etty,  Walter  M. 

Trenton. 
Elmer,  Wm,  Jr. 
Roebling,  Ferdinand  W. 

South  Orange.— Delany,  P.  B. 
Westfield.— Foote,  Thos.  H. 


NEW  MEXICO. 

Mesilla  Park.— Brady,  F.  W. 


NEW  YORK. 
Albany. 
Du  Bois,  Julian,  N.  Y.  C.  &  H.  R.  R.  R- 
McElrov,  James  F.,  131  Lake  Ave., 
Miller,  Wm.  C.  3  South  Hawk  St.. 
Van  Buren,  Gurdon  C,  84  Clinton  Ave, 

4 
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Auburn.—Case,  W.  E., 

196  Genesee  St. 

Bedford.— Luqucr.  T.  T.  F. 
Belmont. — Gorton,  Charles. 

Brooklyn. 

Andrews,  W.  C.  162  Hicks  St 
Barstow.  W.  S..  360  Pear!  St. 
Berresford.  A.  W..  197  Van  Huron  St. 
Broich,  Jos.,  448  8th  Ave., 
•Chinnock.  C.  E..  n;  Sixth  Ave.. 
Gerry,  J.  H.,  163  Grand  Ave. 
-Graham.  G.  W.,  741  Marcy  Ave. 
Halsey.  W.  B..  246  Ehon  St. 
Henderson.  H.  B.,68q  Willoughbv  Ave. 
Hochhausen,  Wm.,  76  Hanson  Place. 
Knudson,  A,  A.,  688a  Greene  Ave. 
Mason.  James  H.,  10  Fifth  Ave. 
McBride.  James,  146  Kent  St., 
Mosscrop,  W.  A.,  189  Montaf^ue  St. 
Ormsbee,  A.  F.,  183  Joraleioon  St. 
Parker,  Herschel  C.,21  Fort  Green  PI  . 
Prince,  J.  Floyd.  8^8  Flatbush  Ave. 
Proctor.  T.  L.,  45  York  St. 
Reilly,  John  C,  16  Smith  St., 
Riker.  A.  L  ,  45  York  St. 
Robinson.  F.  G.,  156  Macon  St. 
Roller,  Lieut.  J.  E.,  515  Clinton  Ave. 
Sa-gent.  W.  D..  16  Smith  St.. 
See.  A.  B..  116  Front  St. 
Sheldon,  Dr.  Samuel.  170  State  St.. 
Simpson,  A.  C.  125  2d  Place. 
Stum^.  C.  E..  714  Putnam  Ave. 
TreadwcU,  Augustus,  Jr..'  488  3d  St. 
Warden.  G.  P.,  Pratt  Institute. 
-Zimmerman,  L.  J.,  57  Penna.  Ave. 

30 
Buffalo. 

Foster,  H.  A.,  13^  Swan  St. 
Frenyear,  T.  C.  Erie  Co.  Bank  Bldg. 
Haskins,  C.  H.,  70'Linwood  Ave. 
Huntley,  C.  R.,  40  Court  St. 
Perkins,  Frank  C.  774  Pra«<pect  Ave. 
Plumb,  Chas.,  89  Eric  St. 
Ricker.  C.  W  .  184  Cleveland  Ave. 
Slott.  H.  G.,  General  Electric  Co. 


Canastota  —  Marvin,  H.  N. 


8 


Cortland.— Dunston,  R.  E. 

Croton  on-Hudson. — Knox,  F.  H. 

Dobbs  Ferry.— Williamson.G.D.W. 

Elroira. 
Cahoon.  J.  B.,  217  West  ist  St. 
'Cheney,  F.  A.,  Maple  .\ve. 
llVolverton.  B.  C,  N.  Y.  &  Pa.  T.  & 
T.  Co., 

3 
Grecnbush. -—Pratt  Robert  J. 


Hempstead.— Powell.  P.  H. 
Herkimer. — Lyman.  C.  W. 

Ithaca. 
Bedell,  Fred.  Dr.,  117  E.  Buffalo  St. 
Bcrgholtz,    II.,  Ithaca  Street  Ry.   Co. 
Matthews.  Chas.  P..  Locust  Grove. 
Merritt.Prof.  Ernest. Cornell  University. 
Nichols,  Dr.  E   L..  Cornell  University. 
Phisterer,  F.  W.  84  Heustis.St. 
Ryan,  Prof.  H.  J.,  Cornell  University. 
Sharp,  Clayton  H.,  122  Univ.  Ave. 

8 

Jamdica. — Fleming,  R. 

Jamestown. — Gifford,  C.  E. 
Long  Island  City.— Shepard,  W.  E. 
Mamaroneck  — Farnsworth,  A.  J. 
Newburgh.— Hewitt,  C.  E. 

New  York  City. 

Agnew,  C.  R..  150  Nassau  St. 
Albright,  H    F..  22  Thames  St. 
Alexander,  Harry,  126  Liberty  St. 
Alexander,  P,  H.,  45  Broadway. 
Anthony,  W.  A.,  5  Beekman  St. 
Archer,  Geo   F.,  31  Burling  Slip. 
Abhiey,  F.  M.,  136  Liberty  St. 
Auerbacher,  L.  J  ,  136  Liberty  St. 
Austin,  S.  B.,  55  Franklin  St. 
Badeau.  I    F.,  18  Cortland  St. 
Baillard.  E.  V.,  106  Liberty  St. 
Barberie,  E.  T..  159  W.  66th  St. 
Bartlelt,  Edw.  E.,  23  Rose  St. 
Batchelor,  C.  33  West  Twenty-fifth  St. 
Bates,  J.  H..  126  Liberty  St. 
Benjamin.  Park.  203  Broadway. 
Bennett,  J.  C,  44  Broad  St. 
Bethell,  U.  N.,  18  Cbrtlandt  St. 
Bijur,  Jos..  34  Nassau  St. 
binney,  Harold,  38  Park  Row. 
Birdsall,  E.  T.,  18  Broadway. 
Bishop,  James  D  ,  234  W.  29th  St. 
Blake,  Henry  W..  26  Cortlandt  St. 
Bliss,  W.  L  ,  4  Irving  Place, 
blizard,  Chas..  tb  Broadway. 
Bogart,   A.  Livingston.  22    Union  Sq. 
Bogue,  Chas.  J..  206  Centre  St. 
Bohm.  Ludwig  K.,  117  Nassau  St. 
Bourne.  Frank.  39  Cortlandt  St. 
Brfnner.    W.    IL.    E.  86th  St. 
Brixey,  \^.  R.,  203  Bioadway. 
Broadnax.  F..  362  W.  Broadway. 
Brown,  Alfred  S  ,  195  Broadway. 
Brown,  E.  D.,  18  Cortlandt  St. 
Brown.  J.  Stanford,  i  Broadway. 
Buckingham,  Chas   L.,  195  Broadway. 
Bunce,  Thco.  D.,  Jr.,  239  E.  27th  St. 
Burnett,  Douglass.  55  Duane  St. 
Burke.  Jas ,  203  Broadway. 
Burton,  Paul  G.,  22  Thames  St. 
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New  York  City.— Continued. 
Caldwell.  Edw.,  1320  Havemeyer  Bldg. 
Callender,  Romaioe.  Decker  Rldg. 
Canfield.  M.  £.,  404  W.  44tb  St. 
Carson.  David  I.,  26  Cortlandt  St. 
Carty.  J.  J..  18  Cortlandt  St. 
Chamberlain.  J.  C  ,  i  W.  81st  St. 
Chandler.  Prof.  C.  F.,  41  E.  49th  St. 
Chase,  H.  S..  39  Cortlandt  St. 
Clark,  Ernest  P..  478  Pearl  St. 
Clark.  Le  Koy.  Jr.,  229  W.  28th  St. 
(^^larke.  Charles  L.,  55  Liberty  M. 
Coho   H.  B..  203  Broadway. 
Colgate,  Geo.  L..  136  Liberty  .St. 
Collett,  S.  D..  18  Cortlandt  St. 
Colvin,  F.  R  .  203  Broadway. 
Compton.  A.   G.,   17   Lexington  Ave. 
Cothrcn,  W.  H..  51  W.  37ih  .M. 
Cox.  E.  v..  50  E.  31st  St. 
Craigin.  Henry  A,,  120  Broadway. 
Crane,  W.  F   D.    87  Maiden  Lane. 
Crocker,  Francis  B..  41  E.  49th  St. 
Crosby,  O.  T.,  29  Broadway. 
Curtis'.  C   G.,  Box  412. 
Cuttriss,  Chas..  i  Broad  St. 
Dana,  R.  K.,  16  Cliff  St 
Davenport,  C.  G.,  44  Broad  St. 
Davidson.  E.  C,  179  Times  BIdg. 
Davis.  Charles  H..  99  Cedar  St. 
Davis   Joseph  P.,  113  W.  38th  St. 
Davis,  Minor  M  .  253  Broadway. 
Decker.  E.  I'.,  18  Cortlandt  St. 
Denison,  S   P  .  143  Centre  M. 
Dey,  Harry  E,  108  Fulton  Si. 
.*Dickei'son,  E.  N..  253  Broadway, 
d'lnfreville,  Georges,  10  Desbrosses  St 
Doremus,  Dr.  C.  A.   59  W.  51st  St. 
Dressier,  Chas.  E.,  17  Lexington  Ave. 
Dunbar,  F.  W.,  417  W.  23d  St. 
Durant,  Edward,  39  Cortlandt  St. 
Dyer.  F.  M.,  10  W.  23d  St 
Dyer,  R.  N  ,  36  Wall  St. 
Eidlitz.  C.  L.,  10  W.  23d  St. 
Emery.  l>r.  Charles  E.,  95  Nassau  .St. 
Emmet,   H.   L    R  ,  36   Cortlandt   St. 
Ende,  S.  H.,  148  E   84th  St. 
Essick,  S.  v..  53  Park  Place. 
Etheridge,  E.  L.,  143  Liberty  St. 
Fay.  Thomas  J.,  143  Liberty  St. 
Field,  C   J.,  39  Cortlandt  St. 
Fiske,  Henry  (;.,  45  E.  22nd  St. 
Flack,  J.  Day.  loio  Havemeyer  Bldg. 
Foote.  Allen  R..  H44  Broadway. 
Forbes,  Francis.  32  Nassau  St. 
Freedman.  Wm.  H.,  136  Liberty  St. 
Frey,  C.  P.,  5  and  7  Dcy  St. 
Frost,  J.  W.,  335  Broadway. 
Gale,  H.  B.,  12  West  31st  St. 
Gallaher.  E.  B.,  99  Cedar  St. 
Gardanier.  George  W  ,  195  Broiidway. 
Gherardi,  B..  Jr.  18  Cortlandt  St. 
Giles,  W.  A.,  29  Cortlandt  St. 
Gladstone,  |.  W.,  no  E.  23d  St. 
Goldmark.  Chas  J.   49  Liberty  St. 


New  York  City.— Continued. 
Gordon,  Reginald,  339  Lexington  Ave* 
Goct,  C.  P.,  Grand  Central  Palace. 
Guy.  Geo.  H..  203  Broadway. 
Hadaway,  W   S  ,  Jr..  117  Liberty  St. 
Hadley.  W.  B  .  30  Conlandt  St. 
Hall,  Edward  J..  18  Cortlandt  St. 
Hall,  William  P ,  80  Broadway. 
Hamblet,  James.  195  Broadway. 
Hampton,- Geo.  A..  22  Thames  .St. 
Hammer,  W.  J..  1305  Havemeyer  Bldg» 
Harding,  H.  McL.,  253  Broidway. 
Hatzel.  J.  C,  114  Fifth  Ave. 
Haviland.  F.  L.,  19  Beekinan  St. 
Hayes,  Harry  E.,  153  Cedar  St. 
Kedenberjj,  W\  L.,  108  Fulton  St. 
Herzog,  Dr.  F.  Benedict,  5$  Broadway. 
Higgins,  Edward  E.,  26  Cortlandt   St- 
Hill.  George,  44  Broadway. 
Hiss,  Wm.  J  .  Jr.  18  Cortlandt  St. 
Hix,  E.  R  ,  41  Wall  St. 
Holmes.  Franklin  S.,  108  Fulton  St. 
Holt,  M.  B..  287  I.exington  Ave. 
Howson,  Hubert,  38  Park  Row. 
Hubbard,  Wm.  C.  73  Watts  St. 
Hubbard,  A.  S  ,  126  Liberty  St. 
Hunt,  A.  L.,  203  Broadway. 
Hutchinson.  Dr.  Cary  T.,  253  B'way. 
Idell,  Frank  E.,  616  Havemeyer  B^dg. 
Jehl,  F..  60  Liberty  St. 
Jenks,  W.  J  .  44  Broad  St. 
Jones.  Francis  W..  253  Broadway. 
Johnston,  W.  J.,  253  Broadway. 
Keefer   E.  S.,  22  Thames  St. 
Ker,  W.  W.,  36  Stuyvesant  St. 
Kinsman,  F.  E.,  66  Broadway. 
Kirkegaard,  J.  G.,  106  Fulton  St. 
Knowlcs,  E.  R.,  362  W.  Broadway. 
Knox,  James  M.,  32  W.  129th  St. 
Lamb,  Richard,  i  Broadway. 
Langton,  John,  29  Broadway. 
I^nman,  Wm.  H.,  44  Broad  St. 
La  Roche,  F.  A  ,  572  ist  Ave. 
Ledoux,  A.  R.,  9  Cliff  St. 
Leslie,  E.  A..  80th  St.  and  Ave.  B. 
Lester,  W.  B.,  195  Broadway. 
Levy.  Arthur  B.,  810  Lexington  Ave- 
Lieb.  1.  W.,  Jr.,  55  Duane  St. 
Lloyd*  Robert  McA.,  27  Pine  St. 
Loewenherz.  H  ,  1 8  Cortlandt  St. 
Lozier.  R.  X-  E.,  150  Nassau  St. 
Ludlam,  H.  W  .  22  Thames  St. 
Lufkin.  Harvey  L.,  39  Cortlandt  St. 
Lundell.  Robert,  527  W.  34d  St. 
MacCulloch.  R.  C.  209  W.  8ist  St. 
Mackie,  C.  P..  44  Broad  St. 
MacQuesten,  W.  D.,   15  Cortlandt  St. 
Madden,  O.  E..  41  Wall  St. 
Mailloux.  C.  O.,  150  Nassau  St. 
Mansfield,  A.  N..  153  Cedar  St. 
Marks.  L.  B.,  51  E.  67  St. 
Martin.  A.  J  ,  121  Liberty  St. 
Martin,  F  ,  Madison  Square  Garden. 
Martin,  T.  Commerford,  203  Bro  »dway- 
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Hew  York  City. — Continued. 
Maver,  William,  Jr..  31  Nassau  St. 
Mayer.  M.  M.,  411  107th  St.,  E.  R. 
Mayrhofer.  J.  C,  165  W.  82d  St 
McCarthy,  L.  A.,  195  Broadway. 
McKibbin,  George  N.,  80  Broadway. 
Merrill.  E.  A.,  20  Cortlandt  St. 
Metcalfe,  George  R.,  136  Liberty  St. 
Meyer,  Julius,  44  Broad  St. 
Miner.  W.  M..  26  Cortlandt  St. 
MoncU,  JoM][>h  T.,  236  W.  22d  St. 
Mora.  M.  L..  63  W,  7utb  Si. 
Morley,  E.  L.,  114  5th  Av«f. 
Moses,  Dr.  Otto  A.,  1037  Fifth  Ave. 
Moses,  P.  R.,  253  Broadway. 
Noll,  Augustus,  8  E.  17th  St. 
Olan,  Theo  J.  W..  65  W.  4qth  St. 
Osterberg,  Max,  27  Thames  St. 
Parmly,  C.  Howard,  344  W.  29th  St. 
Parsell.  H.  V  ,  Jr  ,  31  t.  21st  St. 
Pattison,  Frank  A.,  136  Liberty  St. 
Pearson.  F.  S.,  621  Broadway. 
Peck,  E.  F..  15  Cortlandt  St. 
Pedcrscn,  F.  M.,  327  W.  34lh  St. 
Perry,  N.  W.,  6  Park  Place. 
Pfund,  Rich'd,  Room  70. 195  Broadway. 
Pickemell,  F.  A.,  153  Cedar  St. 
Poole.  Cecil  P.,  253  Broadway. 
Pope,  Ralph  \V..  26  Cortlandt  .St. 
Price,  C.  W.,  13  Park  Row. 
Pupin,  Dr. MichaelL, Columbia  Coirge. 
Read,  Robert  H.,  39  Cortlandt  St. 
Keckenzaun,  F.,  44  Pine  St. 
Reed.  H.  A.,  420  E.  25th  St. 
Reed.  H.  D.,  420  E.  25th  St. 
Reid,  E.  S.,  17  Times  Bldg. 
Rennard,  J.  C,  136  Liberty  St. 
Rittenbouse.  C.  T..  253  Broadway, 
Roberson,  O.  R.,  195  Broadway. 
Roller,  F.  W.,  203  Broadway. 
Rouquettc,  W.  F.  B.,  47  Dey  St 
Rosenbaum,  Wm.  A.,  Times  Building. 
Rosenberg,  E.  M.,  138  W   85  St. 
Sachs,  Joseph,  32  Nassau  St 
Saxelby,  Kred'k..  136  Liberty  St. 
Scheffler.  F.  A.,  126  Liberty  St. 
Schreiter.  Heinr.  106  Fulton  St. 
Scidmore,  F.  I*..  22  Thames  St. 
Seely.  J.  A.,  121  Liberty  St. 
Serrell.  Lemuel  Wm.,  99  Cedar  St. 
Sever,  Geo.  F.,  41  E.  49th  St. 
Shain,  Charles  D.,  136  Liberty  St. 
Shonnard.  H.  W.,  199  W.  134th  St. 
Sinclair,  H.  A.,  14  Whitehall  St 
Skirrow,  J.  F.,  253  Broadway. 
Slade,  A.  J..  62  E.  66th  St. 
Smith,  J    Elliot,  122  W.  73rd  St. 
Smith.  T.  Jarrard,  7  Dey  St. 
Spaulding,  H.  C,  93  Liberty  St.- 
Sprague,  Frank  J.,  253  Broadway. 
Stadelman,  W.  A.,  26  Cortlandt  St. 
Stieringer.  Luther,  68  Broad  St. 
Stockbridge.  Geo.  H.,  39  Cortlandt  St. 
Stockley,  G.  W.,  32  Nassau  St. 


New  York  City.— Continued. 
Stratton.  Alex.,  2013  Fifth  Ave. 
Taltavall,   Thos  R  ,  253  Broadway. 
Terry,  Chas.  A.,  120  Broadway. 
Tesla,  Nikola.  46  E.  Houston  St. 
Thompson,  Edward  P..  5  Beekman  St. 
Torchio.  P..  53  l>uane  St. 
Townsend,    Henry  C,  5  Beekman  St. 
Turner,  Wm.  S..   47  Times  Building. 
Tuttle,  George  W..    510  W.  23rd  .St. 
Vail.  J.-  H..  39  Cortlandt  St. 
Vail,. Theo.  N.,  26  Cortlandt  St. 
Vansize,  William  B.,  253  Broadway. 
VanWyck.  P.  V.  R.Jr  ,981  Madison  Av. 
Varley,  Richard,  Jr..  46  E.  Houston  St. 
Wacker.  Geo.  G  ,  1340  VanderbiltAve. 
Waddcll,  Montgomery.  29  Broadway^ 
Warner,  Chas.  H.,  50  Broadway. 
Warren,  A.  K.,  465  Greenwich  St. 
Waterman,  F.  N.,  120  Broadway. 
Weaver,  W.  D..  253  Broadway. 
Webb,  Herbert  Laws,  18  Cortlandt  St. 
Wetzler,  Joseph,  203  Broadway. 
Wheeler,  S.  S..  39  Cortlandt  St. 
White,  J.  G  ,  29  Broadway. 
Whitmore.  W.  G.,  44  Broad  St. 
Wiley,  Wm.  H.,  53  East  loth  St. 
Wilson,  Fremont,  66  Maiden  Lane. 
Wintringhara,  J.  P.,  36  Pine  St 
Wolcott,  Townsend,  1002  Bennett  Bldg. 
Wood,  E.  J.,  243  Broadway. 
Woodbridge  J.  L.,  47  Times  Building. 
Woolf.  Albert  E.,  66  Broad  St. 
Vamall,  V.  11.,  29  Broadway. 
Zalinski,  Capt.  E.  L.,  7  W.  43d  St. 

265 
Official  Strnographtr, 

Ryan,  R.  W.,  15  E.  99th  St. 

Niagara  Falls. 
Lincoln,  P.  M.,  Cataract  Const.  Co. 
Price.  E.  F..  Carbide  Mfg.  Co, 
Roper,  D.  W.,  Niag.  Falls  Power  Co. 

3 
Oswego.— J udson,  Wm.  Pierson. 

Ovid. — Waring,  John 

Pclham  Manor.— Gilliland,  E.  T. 

Rhineclifif.— Philbrick,  B.  W. 

Rochester. 
de  Lancey,  1). 

Chism.  G.  F..  90  Exch.  PI.  Bldg. 
Redman,  G.  A. 

3 

Schenectady. 

Andrews,  W.  S.,  General  Electric  Co. 
Berg,  E.  J.,  53  Washington  Ave. 
Berg,  Eskil,  General  Electric  Co. 

Blood,  J.  B.,         

Boyles,  T.  D.,      '* 

Buck,  H.  W.,  12  N.  Church  St. 

Coles,  E.  P.,  General  Electric  Co. 
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Schenectady. — Continued . 
Churchill.  Arthur,  5  So.  Church  St. 
Davis.  W.  J.,  Jr.,  General  Electric  Co 
Emmet.  W.  L.  R..      •* 
Ely,  W.  G.,  Jr    72  Washington  Ave. 
Fiske,  J.  P.  B.,      General  Electric  Co. 
Greene.  S.  Dana,         **  ** 

Griffin,  E  ,  *'  ** 

Hakonson   C.  H.. 
Hewlett.  Edw.  M..      ** 
Hobart.  H.  M., 
Kellogg,  J.  W., 
KirkUnd.  J.  W., 
Lovejoy,  J.  R.  **  ** 

Lyman,  J  as.,  i  North  College  St. 
Mefrill,    J.    L.,  General  Electric    Co. 
Middlemiss,  P.  R.,  Hotel  Germania. 
Mosman.   C.    T.,  General  Electric  Co. 
Oudin,  M.,  **  '* 

Potter.  W.  B.  "  ** 

Reid.  Thorburn,  '*  ** 

Reist.  H.  G., 
Rice  E.Wilbur,  Jr..      ** 
Rohrqr,  Albert  L., 
Stebbins.  Theodore      " 
Steinmetz.  C.  P.,  **  ** 

Stone.  J.  P.. 
Wiener,  A.  E.,  208  Liberty  St. 
Wirt,  H.  C.  842  Union  St. 

3S 

Seneca  Falls.— Wilcox.  Norman  T. 

Syracuse. 

Brady,  Paul  T. 

Land.  Frank,  care  of  Globe  Hotel. 
Noxon,  C.  P.  T,.,  504  Townsend  St. 
Wardlaw,  Geo.  A.,  412  E.  Willow  St. 

4 
Tarrytown.— Liebig,  G.  A.  Jr. 

Troy. 

Bernard,  Edgar  G.,  43  4th  St. 
Parks,  C.  Wellman,  1825  Fifth  Ave. 

2 

Utica.— Nicholson.  W.  W. 

Waterloo.— Mercer,  A.  G. 

Yonkers. 
Ihlder,  John  D 
Slater,  F.  R. 


NORTH  CAROLINA. 
Wilmington. — Barnard,  J.  H. 


OHIO. 

Akron— Shaw,  E.  C. 

Cincinnati. 
Cabot,  John  A.,  115  West  8th  St. 
Creaghead,"  Thos.  J..  296  Plum  St 
French,  Prof.  Thos..  Jr.,  Avondale. 
Lilley,  L.  (J..  Cor.  3d  and  Walnut. 
Gray,  W.  N.,  200  Neave  Building. 


Cincinnati. — Continued. 
Roberts,  W.  H.,  15  Harrison  St. 
Rodgers.  H.  S.,  264  W.  4th  St. 

Cleveland. 
Baylis,  R.  N.,  Walker  Mfg.  Co. 
Black.  Chas.  N..  Belden  St. 
Brush.  Chas  F..  453  The  Arcade 
Canfield,  Milton  C,  18  Clinton  St. 
Cleveland,  W.  B 
Cowles,  Alfred  H.,  361  Arcade. 
McKinstry,  J.  P.,  316  Seneca  St. 
Roberts,  E.  P..  Brainard  Block. 
Sperry,  E.  A.,  Mason  and  Belden  Sts. 
Wason,  Chas.  W.,  1762  Euclid  Ave. 

10- 

Columbus. 
Caldwell.  F.  C.  .Sute  University. 
Thomas,  Prof.  B.  F.,  State  University. 

Hamilton. 
Cornell,  Chas.  L. 
Cornell,  J.  B. ' 

2- 

Marietta.— Shedd,  J.  C. 

Salem. — Davis,  Delamore  L. 

Steubcnvillc.— Flood,  J.  F. 


OREGON. 

Portland. 
Cheney.  W.  C.  Portland  G.  E.  Co. 
Coolidge.  C.  A.,  591  Hood  St. 
Malcolm,  P.  S.,  131  Sixth  Ave. 
Mitchell.  .Sidney  Z.,  Fleischner  B'Id'g. 

Salem.— Anson.  F.  R. 


PENNSYLVANIA. 

Allegheny  City. 
Fcssenden.  Prof.  R.  A. 

Altoona. 
Dudley.  C.  B. 
Healy'.  L.  W.  2 

Apollo. — Pinkeiton,  A. 

Catasauqua.— Tait,  F.  M. 

Chester.— Arnold,  C.  R. 

Duquesne. — Friedlaender,  E. 

Ene.— Boynton,  E.  C. 

Germantown. 
Condict,  G.  Herbert,  5328  Green  St. 
Wirt,  Charles.  5104  Nearhall  St. 

z 

McKeesport. — Upton,  F.  R. 

Monongahela  City.— Acheson,  E.G. 

Munhall.  — Maccoon,  E. 

New  WUmington—Shields,  W.  J. 
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Phttoizville.—Perot,  L.  Knowles. 

Philadelphia. 
Billbcrjjr.  C.  O.  C,  3200  Arch  St. 
Braddell,  Alfred  E.,  316  Walnut  St. 
Brajrg,  Chas.  A.,  302  Girard  Bldg. 
Darlington.  F.  W..  907  Drexcl  Bldg. 
Drysdalc,  W.  A  .  Hale  Bldg. 
Eglin,  W.  C.  L..  909  Walnut  St. 
Entz,  J.  B.tiQth  St.  and  Allegheny  Ave. 
Elagg,  S.G.»  Jr.,  19th  St.  and  Penn.  Ave. 
Gerson.'L.  J.,  804  Walnut  St. 
Gharky,  W.  D.,  820  Dauphin  St. 
Glading,  F.  W..  2005  E.  York  St. 
Griscom.  W.  W.,  224  Chestnut  St. 
Grist,  J.  E.  50th  St.  &  Lancaster  Ave. 
Hering,  Carl,  927  Chestnut  St. 
Hewitt.  Chas.,  920  Spruce  St. 
Houston,  Dr.  E.  J..  1105  Betz  P.ldg. 
Hunter.  Rudolph  M.,  926  Walnut  St. 
Ives.  Lieut.  E.  B..  917  Betz  Bldg. 
Keller,  E.  R.,  711  Reading  Terminal. 
Kennelly.  A.  E..  1106  Betz  Bldg. 
Levis,  Minford,  54  North  4th  St. 
Lloyd.  Herbert,  Drexel  Bldg. 
Lloyd.  J.  E.  2008  N.  i8th  St. 
Marks,  Prof.  W.  D..  Edison Elcc.Lt.  Co. 
Patton,  P.  L,  1026  Filbert  St, 
Pike,  C.  W.,  711  Reading  Terminal. 
Reed,  C.  J.,  3313  N.  1 6th  St 
Rowland,  Prof.  A.  J.,  Drexel  Inst. 
Serva,  A.  A.,  loi  Bourse  Bldg. 
Sbeble,  F..  1026  Filbert  St. 
Smith,  T.  Carpenter,  212  Drexel  Bldg. 
Spencer,  Theo..  406  Market  St. 
Sunton,  C.  H.  151 7  Walnut  St. 
Stevens,  J.  F.,  1419  Walnut  St. 
Tocrrring  C.  Jr..  1614  Green  St. 
Uhlcnhaut,  F.,  Jr.,  4101  Haverford  St. 
Watts,  H.  F.,  5171  Heston  St. 
White,  H.  C.  208  Ballitt  Bldg. 
Willyoung,  E.  G.,  7"  Reading  Term. 
Wilson,  C.  P.,  843  N.  41st  St. 
Winand.  P.  A.  N..  3200  Arch  St. 
Wright,  Peter,  Drexel  Bldg., 

42 

Pittsburg 

Blaxter,  G.  H.,  Westinghouse  Bldg. 
Bliss,  Geo.  S.,  Telephone  Bldg. 
Dunlap,  W.  K.,  West'houseE.  &  M.Co. 
Eden,  M.  E.,  83  Fourth  Ave. 
Fisher,  H.  W.,  Standard  Und.  Cable. 
Floy,  Henry,  Westinghouse  E.  &  M.  Co. 
Frost,  F.  R., 

Hartwell,  Arthur,         '*  " 

Huguet.Chas.K.West'house  E.&  M.Co. 
Hutchinson,  F.  L.     "  **        ** 

Ingold,  Eugene,  1669  Second  Ave. 
Keller,  E.  E.,  222  Murtland  Ave. 
Lange,  Philip  A.,West'house  E.&M.Co. 
I>c  Pontois,  Leon.        "  **        ** 

Mershon.  R.  D., 
Myers,  Geo.  Francis,  Penn  Building. 


Pittsburg. — Continued. 

Osborne.  L.  A.,  West 'house  E.  &  M.Co. 

Phillips,  Leo  A. 

Requier.A.  M..     .      *• 

Rushmore,  D.  B 

Sanderson,  E.  N.,      "  *'        ** 

Schmid.  A..  **  **         *' 

Scott,  Chas.  F.,  ** 

Smith,  F.  S., 

Stillwell  L.  B.. 

Siorer,  N.  W., 
I   Strauss,  Herman  A.    ** 
,    Temple,  William  Chase.  P.  O.  Box  800. 
I   Vandegrift.  Jas.  A.,  Westinghouse  Co. 
i   Vanderslice.  G.  H., 
I  Penn  Ave.  near  4th  St. 

I   Waring,  R.  S.,6i  Westinghouse  Bldg. 

Waters,  Edward  G..  308  Times  Bldg. 

Winslow,  G.  H.,  700  Lewis  Block. 
I   Wurts,  A.  J. ,  Westinghouse  E.  &  M. Co. 
I    Voung,  C.  I.  *•  **       **     " 

I  35 

Rochester. 

Sajre,  H.  J. 
Shallenberger,  O.  B. 

2 

Scraoton. 
Donner.  W.  H. 
Wightman,  Merle  J. 

2 

South  Bethlehem. 
Klinck.  J.  Henry 
Macfarlane,  Alexander. 
Webb,  H.  S..  3 

State  College. 
Jackson,  Prof.  J.  P. 
Lardner,  li.  A,  2 

West  Bethlehem.— Lattig,  J.  W. 

Wilkes-Barre. 
Bates.  M.  E. 

Harvey,  R.  R.,  10  S.  Franklin  St. 
Seitzinger,  H.  M. 

3 
Williamsport.— Wendle.  G.  E. 

Winterburn.— Blanchard,  C.  M. 


RHODE  ISLAND. 
Providence. 

Henshaw,  F.  V. ,  86  Weybossct  St. 
Lcnr,  Chas.  O.,  510  Ind.  Trust  Bldg. 
Miller,  Joseph  A.,  25  Butler  Exchange. 
Phillips,  Eugene  F.,  Phillipsdale. 

4 


SOUTH  CAROLINA. 
Charleston.— Burt,  B.  T.. 


TENNESSEE. 
Memphis. —Roessler.  Capt.  S.  W. 
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TEXAS, 
Austin.— McRae,  Prof.  A.  L. 
Dallas.— Motlram.  W.  T.  M. 
Eagle  Pass.^Wagncr,  E.  A. 

UTAH. 
Salt  Lake  City.— McKay.  C.  R. 


VERMONT. 

Brattleboro. 

Childs,  W.  II. 
Fuller,  Hon.  Levi  K. 

Burlington.— Storrs,  Prof.  H.  A. 

Rutland 

Francisco,  M.  I- 
Larrabee,  R.  N. 


VIRGINIA. 
Blacksburg. — Randolph,  L.  S. 
Fortress  Monroe. — Squier,  L't  G.O. 
Norfolk.-Crews.  J.  W. 

Richmond 
Johnston.  A.  L.,  1112  E.  Main  St. 
Leonard,  M.B.,  Sup'tC.  &0.  R.R.  Tel. 
McCluer,  C.  E.,  So.  Bell  T.  &  T.  Co. 
Tower.  Geo.  A..  109  S.  First  St. 
Trafford,  E.  W..  Foot  7th  St. 

5 

WASHINGTON. 

Everett 

Butler,  William  C. 
Ray,  Wm.  D. 

2 

Tacoma. — Dame,  F.  L. 


WEST  VIRGINIA. 
Huntington.— Wallace,G.  S.  Box2 14 
Morgantown.— Aldrich,  William  S 
Wheeling.— Sands,  IL  S. 


WISCONSIN. 

Madison. 

Davies,  John  E.,  523  Carroll  St. 

Fortenbaugh,  S   B. 

Jackson,  Dugald  C. 

Jones,   F.  R.,  University  of  Wis. 

Milwaukee. 
Board  man,  H.  B. 
Mann,  R.  B.,  643  Franklin  St. 


DOMINION  OF  CANADA. 

NOVA  SCOTIA. 
Halifax. 
Cogswell,  A.  k.,  34  Bishop  St, 
Spike,  Clarence  J. 

2 
Hazel  Hill. 
CoUey,  Benjanjin  W. 
Dickenson.  Samuel  S. 

2 

New  Glasgow. — Bowman,  Fred.  A. 


ONTARIO. 

Berlin. — Breithaupt,  E.  Carl 

Ottawa. 

Ahearn,  T. 

Dion,  Alfred; A.,  72  Sparks  St. 

Peterborough. 
Hartman,  Herbert  T. 
Stephens,  Geo. 

Rat  Portage. — McCrossan,  J.  A. 

St.  Catharines. 
Thompson,  William  G.  M. 

Toronto. 
Rosebrugh,  Thomas  R. 
Ross   Norman,  65  Front  St. 
Rutherford,  W.  M.,  63  Front  St 
White  Eraser,  Geo.,  28  Toronto  St. 


QUEBEC. 

Montreal. 
Carus-Wilson.  IVof.  C.  A. 
Gossler,  P.  G..  94  Queen  St. 
Ross,  Robert  A  ,  94  Queen  St. 
Sise,  Charles  F.,  P.  O.  Box  1918. 


MEXICO. 

City  of  Mexico.— Peck.  S.  C. 


CENTRAL  AMERICA. 

GUATEMALA. 
Qucsalttiua^go.— Morehouse,  H.  H. 


Digiti 


ized  by  Google 


S,  America,  W.L.  Africa,  Awkk,  At»itralia,An9tr,  9.  Brit.,  Bdgium,  France,  747 


SOUTH  AMERICA. 

ARGENTINA. 
Buenos  Aires.— McCrosky,  J.  W. 

UNITED  STATES  of  BRAZIL. 

Para. 
-Chcrmont,  A.  L. .  Box  252. 
<tli  Cunha,  Manoel  I^nacio, 

Empresa  Industrial  Gram  Para. 
2 
Rio  Janeiro. 
Dcgcn,  Lewis 
Mitchell,  James 

2 
CHILL 
Santiago. — Jones,  G.  H. 


WEST  INDIES. 

JAMAICA. 

Kingst on.— Wilson,  Harry  C. 


AFRICA. 


CAPE  OF  GOOD  HOPE. 
Cape  Town.— Standford,  William. 


ASIA. 


JAPAN. 
Nakanoshima: — Iwadare,  K. 


AUSTRALIA. 

NEW  SOUTH  WALES. 

Sydney. 

Fischer, Gustave  J . .  Public  Works  Dep't. 
Fitzmaurice,  Jas.  S..  210  George  St. 
Jones,  A.  W..  care  of  H.  H.  Kingsbury. 
Spruson,  Wilford  J.,  169  King  St. 


EUROPE 

ausTria. 

Vienna. 
Egger,  E.,  X.  Simmeringstr,  187 
Sahulka,  Dr  J.  Technische  Hochschule. 


GREAT  BRITAIN. 

ENGLAND. 
Bolton-le-Moors.— Jackson,  Henry 


Bristol. 

Eley.  Harris  H.,  88  Colston  St. 

Cheater.— Keith,  N.  S. 

Cfbydoti.— Lewis,  H.  F.  W. 

King8ton-«n-Tham6s. 
Richardson.  A  E. 

London. 

Dawson,  P  ,  39  Victoria  St. 
Forbes  Geo.,  34  Great  George  St. 
Inrig.  A.  G.,  44  White  Post  I-^ne. 
Lawson.  A.  J.,  49  Queen  Victoria  St. 
Lorrain.  James  Grieve, 

Norfolk  House,  Norfolk  St.,W.  C. 
Merz,  C.  H.,  38  Pariiament  St. 
Mordey,  Wm.  M., 

Redholm,  Loughborough. 
Parry,  Evan,  52  Glengarry  Road. 
Parshall.  H.  F.,  38  Parliament  St. 
Preecc,  Wm.  H..  General  Post  Office. 
Salomons,  Sir  D.  L..  40  Grosvenor  St. 
Winslow,  I.  E.i  35  Pariiament  St. 
Wharton,  Chas.  J..  82  Bond  St. 

Newcastle-on-Tyne.— Dobbie,R.S. 
Taunton.— Haynes,  F.  T.  J. 


SCOTLAND. 
Glasgow. — Kelvin,  Lord 


WALES. 
Cardiff —Walker,  Sydney  F 


BELGIUM. 


Antwerp. 

Dewar,  J.  T..  33  Rue  Bouewijns. 


FRANCE. 

Creusot.— Stahl.  Th. 

Paris. 
Albanese,  G.  Sacco,  27  Rue  de  Londres. 
Le Blanc,  Chas.,  24  Boul.  des  Capucines. 
Mann,  F.  P..  17  Rue  Didot 
Mix,  Edgar  W.,  27  Rue  de  Londres. 
Thumauer,  Ernst,  27  Rue  de  Londres. 
Welles,  F.  R.,  46  Ave.  de  Breteuil. 
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Germany,  Italy,  NMerkmda,  Rusiia,  Sweden. 


GERMANY. 
Berlin. 

Bates,  F.  C, 

Union  Elektricitats  Gcsellschaft. 
Flcsch,  Chas.,  22  Schiffbauerdamm. 
Hcssenbnich.  G.  S.,  Student  at  College. 
Magee.  Louis  J..  Coraeliusstr  i.,  W. 
Otten.  Dr.  J.  D..  KufUrstenstrasse,  97 

III  W. 
Potter,  H.  N.. Siegiitzer  Str.  10  Parterre 
Rathenau,  E.,  22  Schiflfbauerbamm. 
West,  Julius  H.,  Handjery  Str.,  58, 

Friedenau  near  Berlin. 
8 

Munchcn.— Voit.  Dr.  Ernst 

Nuremberg.— Tischendoerfer,  F.  W. 


ITALY. 


Ivre*.— Olivetti,  Camillo. 
Turin. — Capuccio,  M. 


NETHERLANDS. 

Amsterdam.— Hubrecht,Dr.H.F.R. 
Delft.— Doijer,  H. 


RUSSIA. 
St.  Petersburg 
Sventorzetzky,  Capt.  L..  Military  Eng* 
ineering  Academy. 


SWEDEN. 

Stockholm. — Danielson.  Ernest. 


Addresses  Unknown. 
Babcock,  C.  D. 
Barth  Bartoshe vitch 
Holcomb.  E.  R. 
Mustin,  H.  S. 
Spicer.  C'  W. 
Varley,  T.  W. 
Walter,  Henry  E.  7 

Notice. 
The  Secretary  would  be  pleased  to  re- 
ceive the  present  addresses  of  the  above* 


Total  1023.. 
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